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Two  hundred  and  seven  subjects  (stales,  n»i03;  females,  n«104)  between  the  ages  of 
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moderately  high  lr-0.65)  with  a  relatively  low  SEE  (5.5  ral/kg.‘*/mln‘',  16.61).  Repeat 
SCE  did  not  increase  accuracy.  Adjusting  power  output  to  achieve  higher  steady  state 
heart  rates  improved  correlations  and  lowered  SEE.  SCE  was  more  closely  related  to  TH 
VOj^^  than  to  maximal  cycle  measures.  Finally,  102  subjects  completed  a  YMCA  SCE  test. 
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Summary 

Two  hundred  and  seven  subjects  (males,  n=103;  females, 
n=104)  between  the  ages  o£  18  and  54  years  of  age  volunteered  to 
participate  in  the  U.S.  Air  Force  (USAF)  cross-validation  study 
to  determine  the  accuracy  of  the  USAF  submaximal  c^cle  ergometer 
(SCE)  test.  Of  these  subjects  134  completed  phase  I  of  the 
project  by  completing  a  baseline  SCE  test,  a  maximal  treadmill 
test  to  determine  maximum  aerobic  capacity  (V0->...) ,  and  two 
additional  SCE  tests  (SCE  1  and  2) .  Additionally,  113  subjects 
who  completed  phase  1  also  completed  the  SCE  3  and  4  tests  and  a 
maximal  cycle  ergometer  test  to  determine  VOj**,  (phase  II) . 

Final  ..y,  102  subjects  completed  both  phases  I  and  II  of  the 
project  and  completed  a  submaximal  cycle  ergometer  test  developed 
by  the  YMCA  (phase  III) . 

The  USAF  SCE  test  was  cross-validated  with  phase  I  subjects 
who  were  divided  by  gender  (males  females  n=67) .  The 

analysis  showed  that  the  USAF  SCE  test  is  a  valid  test  for  use 
with  males  and  females  between  19  and  54  yr  of  age.  The  cross- 
validation  statistics  for  males  showed  that  the  baseline  SCE  test 
underpredicted  the  actual  treadmill  by  2.2  ial  kg  *hnin  \  had 

a  moderately  high  correlation  (r=i>0.85),  and  acceptably  low 
standard  error  of  estimate  (SEE,  6.7  ml  kg  'Htdn*’,  14.0%).  For 
the  females,  the  baseline  SCE  test  overestimated  the  VO?... 
compared  to  the  treadmill  test  by  2.2  ml  kg*'‘min‘‘.  The 
correlation  of  the  SCE  baseline  test  for  females  was  moderately 
high  (r  £!  0.84)  with  a  relatively  low  SEE  (5.5  ml  kg- ‘min'* , 
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16.6%) .  Compared  to  the  baseline  SCE,  the  SCE  test  1  and  2  showed 
no  further  increase  in  accuracy  for  either  the  males  or  the 
females.  Repeat  testing  {SCE  1  vs.  SCE  2)  showed  the  test  to  be 
highly  repeatable  (reliable) .  The  mean  values  for 
estimates  from  the  SCE  1  and  2  tests  were  similar  to  the 
treadmill  maximum  values  for  male  svibjects,  but  continued  to 
overestimate  the  conpared  to  the  treadmill  values  for 

females. 

Further  evaluation  of  the  equations  based  on  age,  fitness 
level,  and  cycling  experience  showed  that  level  of  fitness  was  an 
important  confounding  factor.  Fitness  level  was  defined  as  low- 
fit  which  included  subjects  from  USAF  fitness  categories  1,  2, 
and  3  (based  on  the  treadmill  maximum  aerobic  capacity  test) . 

The  high'-fit  group  was  selected  from  USAF  fitness  categories  4, 

5,  and  6.  For  males,  a  large  significant  \mderpredict ion  of 
estimated  SfOj^  fram  the  baseline  SCE  test  was  found  conpared  to 
the  treadmill  test  (-5,8  ml  kg*'*min'’)  in  low-fit  males.  This 
underprediction  did  not  occur  for  the  high- fit  males  or  the  low- 
fic  females.  In  contrast,  the  estimated  of  the  high- fit 

females  significantly  overestimated  the  baseline  SCE  test  values 
conpared  to  the  treadmill  (5.5  ml  kg  'hnin'*)  .  Therefore,  the 

baseline  SCE  test  was  considered  to  correlate  well  and  have  an 
acceptable  low  SEE  compakad  to  the  treadmill  determined  > 

But  the  data  show  that  the  mean  VOj^  values  for  males  were 
significantly  underestimated  by  the  subjects  in  the  USAF  low-fit 
categories  and  overestimated  by  the  female  subjects  in  the  high- 
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fit  categories.  Thus,  the  refinement  of  these  equations  would 
make  them  very  acceptable  for  use  with  the  total  U.S.  Air  Force 
population. 

Phase  II  of  the  project  showed  that  the  additional  SCE  3  and 
4  tests,  which  manipulated  the  power  output  on  the  SCE  test  ±0.5 
kp  depending  on  the  subject's  maximal,  treadmill  heart  rate,  did 
not  improve  the  reliability  of  the  test.  But  when  subjects  were 
separated  as  to  the  SCE  tests  that  estimated  from  a  lower 

steady  heart  rate  compared  to  a  higher  steady  state  heart  rate, 
differences  in  validity  occurred.  That  is,  subject's  VO,... 
estimated  from  a  higher  steady  state  heart  rate  resulted  in  a 
higher  r  and  lower  SEE. 

The  maximal  cycle  ergometer  test  to  determine  VO,...  showed  a 
12  and  13%  underprediction  of  the  treadmill  test  to  determine 

males  and  females,  respectively.  It  is  very  clear  from 
the  results  that  the  baseline  SCE  test  was  closely  related  to  the 
treadmill  test  and  not  the  cycle  ergometet  VQ^...  test. 

Pitase  III  of  this  cross-validation  study  included  a 
comparison  of  the  VKCA  test  and  the  USAF  SCE  test  for  estimating 
VOjiMM,.  For  the  males,  the  VMCA  test  overpredicted  the  VO,... 
compared  to  the  treadmill  test  and  the  r  and  SEE  were  not 
satisfactory  {r  =  0.63,  SEE  =  9.8  ml  kg* ‘‘min'*.  30.3%).  In 
contrast,  for  females,  the  YMCA  test  was  equally  as  good  {or 
slightly  better)  as  the  baseline  SCE  test  in  estimating  VOj^. 

An  ircportant  issue  concerning  the  USAF  SCE  test  is  the  large 
number  of  invalid  tests  that  occur  on  initial  testing,  that  is 
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the  baseline  SCE  test.  The  data  show  that  of  the  207  SCE  tests 
administered  for  this  project,  57(28%)  were  classified  as  invalid 
using  the  USAF  software.  Most  of  the  invalid  tests  (79%)  were 
due  to  the  subject's  heart  rate  exceeding  that  which  is 
acceptable  for  the  conputer  logic  design  to  accurately  calculate 

.  That  is,  heart  rate  exceeded  the  value  of  85%  of  the 
subject's  naximum  heart  rate  based  on  220  -  age.  The  other 
factor  that  caused  invalid  tests  was  the  coirputer  algorithm  which 
increased  the  power  output  excessively  so  that  the  subject 
fatigued  and  could  not  conplete  the  protocol.  Comparatively,  the 
YMCA  protocol  only  had  two  invalid  tests.  Thus,  the  USAF  test  in 
its  current  form  would  not  be  acceptable  with  such  a  high  failure 
rate.  A  later  discussion  will  give  suggestions  as  to  how  to 
improve  the  invalid  test  rate. 

Because  of  some  of  the  problems  associated  with  the  current 
USAF  SCE  test  prediction  equations  for  estimating  VOjbm,  a 
stepwise  multiple  regression  analysis  was  completed  to  generate 
new  equations.  In  general,  using  the  same  basic  variables  as  the 
current  USAF  SCE  test,  the  predictions  were  approximately  the 
same  for  both  males  and  females.  The  slightly  higher 
correlations  and  lower  SEEs  foiind  with  the  newer  equations 
(Tables  21  and  22)  were  probably  biased  because  the  results  were 
derived  from  the  data  of  the  same  populiition  (current  stud/)  • 

That  is,  a  cross-validation  study  with  another  group  of 
volunteers  would  probably  lower  th-^  correlation  and  increase  the 
SEE.  The  equations  that  were  developed  at  Armstrong  laboratory 
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were  cross -validated  with  the  results  of  the  study  conducted  at 
the  University  of  Florida. 

When  boc^  con^osition  variables  were  included  in  the 
regression  model,  such  as  %  body  fat  and  fat  free  mass,  as  well 
as  the  use  of  a  log  or  squared  variable  regression  model,  the 
newly  developed  equations  improved  in  accuracy  and  appear  to  be 
superior  to  the  current  equations  used  in  the  USAF  3CE  test. 

This  cannot  be  fully  ansivered  until  cross-validation  studies  of 
the  newer  equations  are  conducted. 

The  final  aspect  of  the  study  looked  at  sensitivity  and 
specificity  of  the  baseline  SCE  test.  The  test  showed  a 
sensitivity  of  75%  and  a  specificity  of  96%.  Thus,  some  subjects 
were  definitely  mis-classified.  The  most  important  problem  with 
mis-claasification  would  be  a  false  positive  test,  that  is  those 
subjects  who  would  fail  the  nSAF  minimum  standard  for  aerobic 
capacity  'fitness  category-  1  or  2)  based  on  the  results  of  the 
SCE  testf  but  would  actually  pass  the  test  according  to  the 
measured  treat^uill  Five  of  134  persons  tested  (3.7%)  were 

classified  as  false  positives  in  this  study.  Although  this 
number  is  small,  extrapolating  over  the  USAF  population  would 
make  the  problem  signifTicant.  T-t  is  clear  from  the  results  of 
the  cross-validation  study,  that  the  subjects  who  would  have  the 
largest  risk  of  becomirjgf  a  false  positive  based  on  the  current 
SCE  test,  would  be  male  subjects  in  fitness  category  3. 
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Introduction 

For  years  the  U.S.  Air  Force  (USAF)  has  been  interested  and 
aware  of  the  importance  of  aerobic  endurance  fitness  for  the 
health  and  well  being  of  its  personnel.  Also,  aerobic  fitness 
has  been  associated  with  better  job  performance.  In  the  late 
1960's  and  early  1970's  Lt.  General  Richard  Bohannon,  M.D., 
surgeon  general  of  the  USAF,  recognized  the  importance  of  aerobic 
fitness  for  ail  USAF  personnel  and  the  need  for  a  proper  test  for 
its  evaluation.  The  'gold  standard*  for  aerobic  fitness 
assessment,  a  physician-monitored  maximal  treadmill  test,  was 
impractical  for  use  on  a  half-million  USAF  personnel  because  of 
the  time,  technical  staff,  and  eguipment  requirements.  Lt.  Col. 
Kenneth  Cooper,  K.D,  found  an  initial  solution  to  the  problem 
with  the  development  of  the  12  minute  run  test  to  estimate 
treadmill  determined  maximum  aerobic  capacity  (1) .  It  was  later 
modified  to  a  1.5  mile  run  test;  which  was  adopted  for  use  by  the 
USAF. 

The  1.5  mile  run  test  is  an  adequate  field  test  for 
estimating  aerobic  capacity  (see  review  of  literature  section) 
but  had  many  problems  in  its  implementation  and  administration 
(2) .  Administering  a  maximal  running  test  was  not  a  safe 
procedure  because  most  USAF  personnel  were  not  accustomed  to  high 
intensity  exercise.  Also,  many  USAF  personnel  did  not  prepare 
themselves  for  the  test  and  had  to  perform  it  under  adverse 
environmental  conditions.  Motivation  is  always  a  major  problem 
associated  with  getting  accurate  estimates  of  aerobic  capacity 
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from  rtinning  field  tests. 

-Vacently,  the  USAF  adopted  a  modified  Astrand-Rhyming 
submaximal  cycle  ergometer  (SCE)  test  to  estimate  maximxjm  aerobic 
capacity  for  annual  fitness  testing.  The  test  was  validated  for 
USAF  use  at  the  Armstrong  Laboratory,  Brooks  Air  Force  Base,  San 
Antonio,  TX.  Cross-validation  testing  was  still  needed  to 
determine  prediction  accuracy  of  this  new  SCE  test,  especially 
since  USAF  feels  its  members  should  meet  the  USAF  category  3 
fitness  standard.  Also,  problems  related  to  test  administration 
(invalid  tests)  and  miss-classification  of  USAF  personnel  into 
the  wrong  fitness  category  needed  to  be  addressed.  Therefore,  in 
May,  1993  the  Center  for  Exercise  Science,  University  of  Florida, 
Gainesville  was  contracted  to  do  an  extensive  cross-validation  of 
the‘USAF  SCE  test. 

T'’ is  report  contains  the  cross-validation  results  obtained 
froin  extensive  testing  performed  at  the  Center  for  Exercise 
Scirncti.  The  data  were  collected  on  67  males  and  67  females,  19 
to  54  ye;.rs  of  age,  who  were  healthy  volunteers  and  could  meet 
the  USAF  medical  he'ilth  standards.  This  report  consists  of  four 
sections;  (1)  Review  of  Literature,  (2)  Methods,  (3)  Results  and 
Discussions,  and  (4)  conclusions  2md  Reconmendations . 
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SSVXStf  OF  LXTERATmai 

INTRODUCTION 

The  ability  to  perform  long-term  muscular  work  depends  on 
the  bodies  ability  to  supply  energy.  Energy  production  for 
endurance  type  work  is  dependent  upon  aerobic  metabolism,  or  the 
amount  of  oxygen  utilization  {^02) .  Maximal  rate  of  03Q^gen 
consunqption,  or  defines  maximal  aerobic  capacity. 

is  an  importr^nt  indicator  of  fitness  and  cardiovascular  health 
(64,72).  Vo,...  is  also  correlated  with  endurance  performance; 

for  example,  trained  oarsmen  have  about  twice  the  VO7..,.  conqpared 
to  untrained  subjects  (24) . 

When  selecting  persons  for  special  tasks  during  military 
service,  it  is  important  to  know  the  fitness  levels  of  these 
individuals .  Fitness  is  determined  in  part  ^  an  individuals 
aerobic  capacity,  strength,  flexibility,  and  coordination.  When 
classifying  fitness  levels,  it  is  desirable  to  have  criterion 
measures  from  each  catagory.  However,  when  limaited  to  a  single 
test  to  predict  fitness  it  is  reasonable  to  test  aerobic  capacity 
due  to  its  high  correlation  with  prolonged  muscular  work.  A 
greater  VO^..  would,  in  general,  indicate  a  greater  ability  to 
perform  prolonged  muscular  work. 

DSTMtamiMITS  OF  oxrostt  OPTAm 

During  muscular  work,  V02  is  related  to  the  intensity  and 
duration  of  the  exercise  and  the  amount  of  muscle  mass  required 
to  perform  the  task  (5).  The  ability  to  meet  these  demands  is 
determined  by  the  ability  of  the  cardiovascular  system  to  deliver 
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ca^gen  to  the  working  muscles  and  the  ability  of  those  muscles  to 
utilize  the  oxygen  for  energy  production. 

Oxygen  Delivery  -  Oxygen  delivery  is  defined  as 

0  X  tOj]. 

where  0  is  the  cardiac  output  and  [OjJa  is  arterial  o^o^gen 
concentration . 

Cardiac  output  is  defined  as  the  quantity  of  blood  pvunped  by 
the  heart  each  minute  (24) ,  which  is  the  product  of  stroke  volume 
and  heart  rate.  Stroke  volume  is  the  volume  of  blood  ejected  by 
the  left  ventricle  with  each  heart  beat  and  the  heart  rate  is  a 
measure  of  the  frequency  of  contraction. 

During  aerobic  exercise,  cardiac  output  can  increase  up  to 
five  fold  from  resting  values  in  untrained  people  and  up  to  7 
fold  from  resting  values  in  trained  people  (normal  cardiac  output 
for  a  trained  or  untrained  adult  is  4-S  L*min*M.  With  the 
increase  in  metabolism  dv^ring  aerobic  exercise,  substrate  and 
oxygen  delivery  to  working  muscles  must  be  increased.  This 
increased  delivery  is  accomplished  by  increasing  cardiac  output. 

Distribution  of  cardiac  output  throughout  the  body  is 
largely  determined  by  metabolic  demand.  At  rest,  15-20%  of 
cardiac  output  is  distributed  to  skeletal  muscles.  During 
intense  exercise,  as  much  as  351  of  cardiac  output  may  be 
directed  to  the  working  muscles.  Note  that  these  percentages  are 
altered  little  by  training.  However,  endurance  training  does 
increase  exercise  cardiac  output,  so  blood  flow  to  working 
muscles  increases. 


Arterial  o3Qrgen  concentration  ([Oj],)  is  determined  ty  the 
hemoglobin  concentration  of  blood  and  barometric  pressure,  which 
dictates  the  driving  pressure  of  o^Q^gen.  Oxygen  binds  to 
hemoglobin  in  the  lung,  and  then  is  delivered  to  peripheral 
tissues,  i^proximately  97%  of  hemoglobin  in  arterial  blood  is 
bound  with  o^^gen  at  sea  level.  Normal  hemoglobin  concentration 
is  approximately  15  mg/dl.  Endurance  training  has  little  or  no 
effect  on  binding  of  ojQrgen  to  hemoglobin;  thus,  xint rained  and 
trained  people  have  similar  (97%)  arterial  hemoglobin  osqygen 
saturation.  Thus,  oxygen  delivery  to  working  muscles  is  mainly 
determined  by  muscle  blood  flow. 

Oxygen  Utilization  -  Oxygen  utilization  at  the  muscle  level  is 
dependent  upon  aerobic  enzyme  capacity  and  mitochondrial 
concentration.  The  activity  of  aerobic  enzymes  and  amount  of 
cellular  mitochondria  present  directly  effect  oxygen  uptake  at 
the  cellular  (muscle)  level,  i.e.  the  xnore  mitochondria  and 
enzymes  present,  the  greater  the  capacity  for  oxygen  uptake. 
Aerobic  (endurance)  training  increases  the  amount  of  mitochondria 
and  aerobic  enzyme  activity.  Thus,  endurance  training  can 
directly  increase  oxygen  utilization  by  the  muscles  during 
exercise.  Venous  blood  draining  from  working  muscle  has  less 
oxygen  than  arterial  blood.  This  difference  is  Icnown  as  the  a- 
vOa  difference. 

In  suamary,  Voj  is  determined  by  oxygen  delivery  and 
utilization  which  is  summarized  by  the  following  equation  of 
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Vo2  =  0  X  (a-vOj) 

where  0  is  the  muscle  blood  flow  and  a-vOj  is  the  arteriovenous 
difference  across  the  muscle.  Thus,  to  increase  V02  (or  VO^..) , 
muscle  blood  flow  must  increase  (by  increasing  cardiac  output) 
and/or  the  arteriovenous  osq^gen  difference  (aerobic  enzymes  and 
mitochondria)  must  increase. 

DSTSRMXHATION  OF  WiXIMAL  ABROBXC  CAFACXTT 

The  level  of  V02  attained  during  exercise  is  determined  by  the 
demand  on  the  body  (skeletal  muscle) .  can  be  determined 

for  any  volume  of  muscle  by  varying  the  mode  of  exercise,  i.e. 
VO2MX  for  arms  can  be  determined  by  using  an  arm  crank  test,  or 
VO2H.  of  the  calf  muscle  can  be  determined  by  performing 
repetitive  ankle  extension  Exercise.  To  determine  of  the 

whole  body,  the  demand  placed  on  the  body  must  be  high  enough  to 
maximally  burden  the  cardiovascular  system  (cardiac  output  and 
muscle  blood  flow  capacity)  and  the  muscle's  metabolic  capacity 
(mitochondria  and  aerobic  enzymes) .  This  is  done  by  involving  a 
large  portion  of  the  bodies  muscle  mass,  generally  by  walking  or 
running  on  a  treadmill.  In  this  case,  demand  is  systematically 
incremented  by  increasing  the  speed  and/or  grade  of  the  treadmill 
until  the  subject  is  unable  to  maintain  the  work. 

A  true  Vo,,.,  test  can  be  defined  as  when  three  of  the 
following  four  factors  are  achieved:  a  plateau  in  oxygen 
consumption  with  increasing  work,  a  respiratory  exchange  ratio 
(R£R)  greater  than  1.1,  achievement  of  an  age  predicted  maximiun 
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heart  rate  (220-age) ,  and  a  rating  of  perceived  exertion  of  19  or 
20. 

The  maximal  exercise  test  is  considered  a  low  risk 
procedure,  approximately  one  fatality  may  occur  in  25,000  tests 
and  2-4  nonfatal  events  in  10,000  tests  in  a  hospital  population 
(17) .  Morbidity  and  mortality  are  significantly  less  in  a 
healthy,  non-hospital  populations  and  for  suhmaximal  exercise 
testing  (17,56),  Contraindications  to  exercise  testing  and 
indications  for  stopping  the  test  may  be  found  in  Guidelines  for 
Exercise  Testing  and  Prescription,  edited  by  the  American  College 
of  Sports  Medicine  (1).  The  measurement  of  is  time 

consuming  (preparation  and  administration  usually  require  1  hour) 
and  requires  a  well  equipped  laboratory  (gas  analyzers,  breathing 
valves,  treadmills,  gas  volume  meters,  etc) .  Implementation  of  a 
test  requires  at  least  two  well-trained  technical  staff. 
Usually  a  physician,  nurse  or  highly  trained  allied  health 
professional  is  present  to  conduct  the  test  (1) . 

FACTORS  TSAT  AFFECT  AEROBIC  CAPACITT 
MODS  OF  BXERCXSB 

In  general,  the  mode  of  exercise  testing  can  influence  the 

a 

actual  numerical  value  obtained  for  i.e.  an  arm  cranking 

test  will  result  in  a  lower  numerical  value  compared  to  a 
treadmill  test.  VOjmw  can  be  determined  for  any  volume  of  muscle 
(thus,  the  difference  in  numerical  value  of  Vo>..-)  by  varying  the 
mode  of  exercise.  The  arm  cranking  test  to  determine  Vo,... 
recruits  a  much  smaller  muscle  volume,  causing  a  s.naller 
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numerical  value,  but  still  generates  the  VOt-.,  for  that  system. 

To  determine  of  the  whole  body,  the  demand  placed  on  the 

body  must  be  high  enough  to  maximally  burden  the  cardiovascular 
system  (cardiac  output  and  muscle  blood  flow  capacity)  and  the 
muscle's  metabolic  capacity  (mitochondria  and  aerobic  enzymes) . 
This  is  done  by  involving  a  large  portion  of  the  bodies  muscle 
mass,  generally  by  walking  or  running  on  a  treadmill,  or  by 
cycling  for  those  who  are  accustomed  to  cycling.  In, Europe  and 
Scandinavia,  where  cycling  is  common,  cycle  testing  is  preferred 
to  treadmill  testing.  In  the  United  States,  where  cycling  is  not 
common,  WO^max  from  cycle  ergometer  testing  is  10-25%  lower  than 
compared  to  treadmill  values  (54) .  The  reason  for  the 

lower  value  for  determined  on  the  cycle  ergometer  is  that 

the  thigh  muscles  (quadriceps)  fatigue  prior  to  reacing  a  true 

Thus,  state  of  training  of  an  individual  plays  a  role  in 
modality.  For  example  previously  sedentary  persona  who  trained 
for  20  weeks  on  a  stationary  cycle  could  perform  equally  as  well 
on  a  cycle  or  a  treadmill  (54) .  Therefore,  in  North  America  the 
treadmill  mode  of  testing  is  considered  the  standard,  as  the 
highest  numerical  values  of  are  usually  achieved  with  this 

modality  as  it  is  more  conducive  to  untrained  subjects  (57). 

STATS  OP  TRAINING 

Someone  who  regularly  trains  to  increase  aerobic  capacity, 
i.e.  endurance  training,  will  have  a  15-30%  higher  than 

untrained  individuals  (56) .  In  highly  trained  strength/power 


15 


athletes,  VOjmax  will  be  higher  than  untrained  individuals  but 
less  than  endurance  trained  individuals.  Aerobic  training 
increases  exercise  cardiac  output  by  increasing  stroke  volume  as 
maximal  heart  rate  remains  about  the  same,  regardless  of 
training.  Thus,  the  amount  of  delivered  and  the  amount 

utilized  by  working  muscles  increases,  accounting  for  the 
increase  in  due  to  training. 

GBNDBR 

The  aerobic  capacity  for  females  is  eibout  15-30%  lower  than 
for  males  (76) .  Males  are  generally  able  to  generate  more 
aerobic  energy  simply  because  of  more  muscle  mass  and  less  fat 
than  the  female  counterpart.  However  males  and  females  appear  to 
adapt  equally  to  training  (53,55).  Also  men  have  a  larger  heart 
which  facilitates  a  greater  stroke  volume  and  ultimately,  cardiac 
output . 

ALTITODB 

In  general,  the  reduction  in  barometric  pressure  experienced 
during  exposure  to  altitude  decreases  the  driving  pressure  for 
oxygen,  reduces  hemoglobin  oxygen  saturation,  and  results  in 
hypoxia.  Thus,  hypoxia  is  a  relative  lack  of  oxygen. 

Ultimately,  l^poxia  limits  Overall  for  each  300  meters 

increase  in  altitude,  above  3000  meters,  a  3.0%  decline  in  VO?,.. 
is  seen  (24).  Below  approximately  3000  m  (-9000  ft.),  VO?...  is 
unaffected  by  altitude  (40) .  There  may  be  a  problem  in 
estimating  from  a  submaximal  steady  state  heart  rate  at 

altitudes  ot  1500-3000  meters  because  submaximal  heart  rate  is 
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increased  at  these  levels  to  increase  0  and  conpensatory  for 
reduced  [O2I,. 

AQB 

Maximal  aerobic  capacity  declines  approximately  10%  per 
decade  for  sedentary  people,  and  5%  or  less  per  decade  for  people 
who  exercise  regularly.  Thus,  there  is  an  interaction  between 
physical  activity  and  aging  which  affects  VO,...  (48) . 

BSRSDZfY 

It  has  been  estimated  that  between  40-70%  of  an  individuals 
V02^  is  genetically  determined  (9) .  Bod^  structure,  muscle 
fiber  type,  and  body  composition  are  influenced  by  genetics  and 
would  have  a  direct  effect  on  aerobic  performance. 

Bomr  coHPosxTxoii 

Skeletal  muscle  (lean  body  mass)  is  responsible  for 
utilizing  oxygen  to  produce  chemical  energy  which  is  concerted  to 
mechanical  energy  to  produce  motion.  Thus,  skeletal  muscle  mass 
is  a  major  determinant  of  The  ultimate  level  of 

related  to  the  trained  state  of  skeletal  muscle.  Muscle  trained 
aerobically  will  elicit  greater  VOj**,.  Likewise,  individuals 
with  higher  levels  of  body  fat  tend  to  have  lower  levels  of  lean 
muscle  mass  and  therefore  lower  Vo,... .  Because  body  mass  or  body 

weight  is  a  significant  factor  in  aerobic  performance,  _  is 

usually  expressed  in  milliliters  of  oxygen  per  kilogrask  of  body 
weight  per  minute  (ml- kg'*' min'*)  • 

AHBHIA 

Anemia  is  a  condition  in  which  hemoglobin  concentration  is 
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low  (<  13  g/dl  for  males  and  <  12  g/dl  for  feniales) .  The 
resulting  loss  of  oxygen  carrying  capacity  of  the  blood  will 
decrease  Vo^.,.,  ♦ 

RBPROO0CXBZLITY  AHD  VALIDITY  OF  V02  MAX 

Although  the  treadmill  test  and  measurement  of  is  the 

gold  standard  used  to  determine  aerobic  capacity,  it  still  has  a 
day  to  day  variation  of  2-5%  (1-3  ml*  kg*' -min'' )  (4,5,50,59). 

This  may  be  due  to  the  difficvilty  in  achieving  a  plateau  in 
oxygen  consumption  at  maximal  work  loads  as  discussed  earlier. 
There  may  also  be  day  to  day  variations  in  work  capacity  related 
to  diurnal  variation  of  hormones,  foods  eaten,  psychological 
moods,  etc.  Coefficients  of  variation  ranging  form  0.6-11.1% 

)iave  been  reported  (7,20,27,85).  Under  less  than  ideal 
conditions,  subjects  exposed  to  short  stress  periods*  of  exercise 
and/or  heat  exposure,  acute  starvation,  bed  rest,  etc.,  can  lead 
to  greater  day  to  day  variation  in  (72) . 

FXSW  T8STS  TO  SSTXMATS  ASROBIC  CkPACXTY 
mCOMAL  FIELD  TESTS 

Field  tests  include  cycle  ergometer,  endurance  run  tests, 
and  walk  tests,  Storer,  et  al.  (70)  devised  a  cycle  ergometer 
test  in  which  231  male  and  female  subjects  (ages  20-70)  were 
taken  to  maximal  power  output  without  actually  measuring  . 
This  eliminated  predicting  maximal  power  output,  which  is 
commonly  done  to  aid  in  prediction  of  and  resulted  in  very 

high  correlation  (r  =  0.97)  and  small  error  (SBBa  2.6  ml*  kg’** min' 
*)  compared  to  actual  VOj^.  However,  this  test  is  an  actual 
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maximal  test  and  is  subject  to  the  saiae  drawbacks  discussed 
previously. 

Endurance  run  tests  are  based  on  the  assunption  that  to  move 
the  human  bocfy,  under  its  own  power,  a  certain  distance  in  a 
certain  time,  reriuires  a  reasonable  amount  of  aerobic  fitness. 
Balke  (8)  designed  an  endurance  ruu  in  1959  to  test  "fitness*. 

The  original  study  protocol  was  to  run  as  fast  as  possible  in  15 
minutes  (8) ,  but  was  later  modified  by  Cooper  to  a  12  minute  run 
(14) .  Cooper's  original  data  showed  a  correlation  of  r  =  0.90 
between  estimated  and  measured  .  Subsequent  studies  on 
different  populations,  however,  did  not  yield  as  high  a 
correlation  (r  =  0.70),  SEE  «  5  ml* kg'^-min'^  (35,44,45). 

A  walk  test  used  to  estimate  was  designed  by  Kline,  et 

al.  (37),  An  equation  was  developed  to  estimate  txom 

weight,  age,  -lex,  heart  rate  and  total  time  on  a  timed  one  mile 
track  walk,  during  which  subjects  were  asked  to  "walk  as  fast  as 
possible".  Subsequent  analysis  cf  the  equation  on  169  people 
yielded  an  r  =  0.8G  and  SEE  of  4.4  ml  kg'^’-min'^. 

SXJBMAXimL  TSSTXm  VO  SSriMAVS  AJEtROSIC  CAPACITY 

Because  of  the  factors  mentioned  previously,  it  is  too  time 
consuming  and  costly  to  conduct  treadmill  tests  to  measure 
in  large  populations  of  peonle.  Eield  max  tests  are  much  more 
dangerous  than  lab  max  tests  and  appear  to  be  leas  accurate. 

Thus,  scientists  have  developed  acceptably  accurate, 
reproducible,  easily  measured  and  time  efficient  submaxisnal 
exercise  tests  that  can  estimate  .  These  tests  can  be 
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conducted  with  easily  portable  equipment,  such  as  a  cycle, 
ergometer  or  bench,  and  thus  facilitate  testing  in  laboratory  or 
non- laboratory,  field  settings. 

Often  the  estimation  of  from  a  submaximal  exercise 

test  relies  on  the  assumed  linearity  between  heart  rate  and 
oxygen  consumption  during  incremental  power  output  tests.  Stroke 
vpXtime  plateaus  at  approximately  40-50%  of  and  thus  heart 

rate  is  the  min  coii^onent  of  increased  cardiac  output  between 
50%  and  100%  of  maximum  exercise  (24) .  It  is  this  linearity 
between  heart  rate  and  o.•^Q^gen  consuropcion  and  also  the  ease  of 
measurement  of  heart  rate  that  makes  it  a  commonly  used  variable 
to  predict  Heart  rate  at  rest  and  submaximal  exercise  is 

leaver  in  physically  fit  personnel,  while  maximal  heart  rate  is 
Independent  o£  training  status.  Thus,  the  lower  heart  rate  in 
fit  individuals  at  a  given  submaxiraal  workload  will  extrapolate 
to  a  higher 

accuracy  of  estimating  VO3***  from  subB:.j<imal  heart  rate 
i:s  ba^ed  on  four  assusptiona. 

1.  The  linearity  of  heart  rate-oxygen  consumption 
relationship  is  constant. 

2.  Similar  maxiatal  heart  rates  are  found  for 
individuals  of  the  same  age, 

y.  All  persons  have  a  similar  exercise  economy  or 
mechanical  efficiency. 

4.  Submaximal  heart  rates  do  not  vary  from  day  to  day. 

The  first  assumption  is  met  at  10-85%  of  as  discussed 


20 


previously,  but  towards  maximal  effort  heart  rate  often  peaks 
prior  to  . 

The  second  assun?)tion  is  not  always  met.  In  actuality, 
maximal  heart  rate  has  a  standard  deviation  of  ±12  beats/min 
(48) .  If  we  assume  two  standard  deviation  units,  the  variation 
in  maximal  heart  rate  is  ±25  beats/min.,  based  on  a  predicted 
maximal  heart  rate  of  220 -age.  This  variation  in  heart  rate  can 
cause  a  significant  under-  or  over-estimation  of  using 

heart  rate/os^rgen  extrapolation  methods. 

In  the  third  assuiiption,  the  variation  of  individuals  in 
osq^gen  consumption  due  to  technique  or  mechanics  when  using 
different  ergometers  is  approximately  ±6%,  which  may  also  cause 
under-  or  over-estimations  of  (48) . 

The  fourth  assumption  is  also  not  always  met,  because  even 
under  highly  standardized  conditions,  variation  of  heart  rate  day 
to  day  during  the  same  submaximal  power  output  can  be  as  high  as 
±5  beats/min.  (66) .  Sulmnaximal  heart  rate  can  be  influenced  by 
time  of  day  (morning  vs.  afternoon),  smoking,  eating,  caffeine 
ingestion,  rest/sleep,  illness,  heat,  humidity,  fatigue,  stress, 
hydration  status,  and  psychological  status. 

Submaximal  estimation  of  _  from  heart  rate  is  accurate 

within  10-20%  of  a  person's  actual  value  (48) .  This  variation 
may  be  unacceptable  for  many  applications,  however,  this 
technique  is  well-suited  for  screening  and  classifying  large 
numbers  of  individuals  in  terms  of  aerobic  fitness. 
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ASTRAMD-RHYIIING  NOMOGRi^ 

In  1954,  Astrand  and  Rhyming  developed  a  nomogram  which 
estimated  from  a  submaximal  power  output  (6) .  It  was  based 

on  their  findings  that  the  relationship  between  heart  rate  and 
Voj  was  linear.  Submaximal  work  included  bench  stepping,  cycle 
ergometry,  and  running  on  a  treadmill.  The  original  stu(fer  used 
27  male  and  31  female  subjects  ages  20-30  years.  A  nomogram  was 
developed  using  heart  rate  and  work  level  from  a  submaximal  power 
output,  and  body  weight,  to  estimate  VOj^.  The  subject 
exercised  for  5-6  minutes  at  a  steady  state  power  output.  The 
*best  predicting  results*  were  seen  when  the  workload  elicited  a 
heart  rate  between  125-170  beats/min.  With  this  nomogram,  the 

could  simply  be  extrapolated. 

The  Astrand-Rhyming  nomogram  was  modified  for  a  cycle 
ergometer  exercise  only  and  used  in  a  study  with  a  greater  number 
of  subjects  (n=144)  (3).  Data  from  both  studies  (3,6)  were  used 
to  modify  and  improve  the  nomogram.  An  age  correction  factor  was 
also  introduced  in  this  same  study  (3). 

Later,  von  Dobeln  et  al.  introduced  slightly  different  age 
correction  factors  (77),  which  were  subsequently  found  to 
slightly  underestimate  measured  (13)  . 

In  1966,  Teraslinna  et  al.  developed  a  coefficient  (73)  in 
which  the  correlation  between  and  estimated  was  r  = 

0.69.  When  corrected  for  age  the  correlation  was  0.92. 

Glassford,  et  al.  (22),  also  calculated  a  validity  coefficient  of 
0.80  for  the  nomogram  using  24  healthy  male  students. 
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Subsequent  testing  of  the  original  Astrand-Rhyndng  nomogram 
has  yielded  more  modifications  (66),  cind  varying  correlations 
(10,15,16,23,27,32,52,55,69,74,81,83,84)  ranging  from  r  =  0.39  to 
r  =  0.94  with  SEE  of  3.3  to  10.7  ml  *  kg"^’ •  min’^ .  See  Table  1  for  a 
suxntnary  of  these  studies. 

OTHER  SDBHAZZHkL  TBSTIMG  PROTOCOLS  TO  BSTHIRTB  AEROBIC  CAPACITY 

Many  protocols  to  predict  have  been  developed  before 

and  since  the  Astrand-Rhyming  test.  Indeed,  predating  Astrand- 
Rhyming  by  a  number  of  years  was  the  Sjostrand-Wahlund  test 
(68,78).  This  cycle  ergometer  test  was  the  precursor  to  the 
modem  YMCA  test  in  that  it  used  multiple  stages:  a  3  minute 
warmup  stage  and  two  3  minute  stages  (identical  to  the  current 
YMCA  test) . 

Other  tests  to  predict  include  protocols  by  Margaria 

et  al.  (47),  Fox  et  al.  (19),  Verma  et  al.  (75),  Fitchett  et  al. 
(18),  and  Sady  et  al.  (60),  and  still  other  tests  have  been 
devised  to  predict  fE'Oin  timed  endurance  runs  (36) . 

SUBMAXZMAL  TBSTZNQ  BY  THE  AIR  PORCE 

The  U.S.  Air  Force  (USAF)  has  been  using  a  12  minute  or  1.5 
mile  timed  run  to  estimate  aerobic  fitness  since  1970.  In  1991, 
Sharp  suggested  an  'interview  by  practitioner*  may  help  to 
eliminate  those  'at  risk*  for  the  1.5  mile  field  run  (63) .  This 
was  due  to  anecdotal  evidence  that  there  had  been  deaths 
associated  with  the  timed  run  (79) .  Indeed,  qualification  times 
were  progressively  increased  and  candidates  for  the  USAF  had  the 
choice  of  walking  3  miles  in  the  interest  of  'safety*  and 
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motivation. 

More  recently,  the  USAF  has  developed  a  subniaximal  cycle 
ergometer  (SCE)  test  to  estimate  This  test  is  a 

modification  of  the  Astrand-Rl^nning  cycle  ergometer  test  in  which 
power  output  is  increased  each  minute  as  needed  using  a  conputer 
algorithm  that  sets  workload  (power  output)  to  elicit  a  stea(^ 
state  heart  rate.  The  computer  program  then  estimates  from 

the  final  power  output,  height,  weight,  gender,  steady  state 
heart  rate,  and  an  age  correction  factor  (see  methods) .  Using  22 
fit  and  nonfit  males,  Hartung  et  al.  (29)  reported  a  correlation 
of  0.95  between  the  estimated  and  measured  Voj,  with  a  standard 
error  of  the  estimate  (SEE)  of  4.25  ml* kg’^*min'',  although  this 

method  underpredicts  treadmill  measured  VO, _ by  about  20%. 

Unpublished  data  (82)  using  the  same  protocol  with  50  male  USAF 
officers  resulted  in  an  r  of  0.74  and  a  17%  underprediction  of 

VOt-.w « 

Table  1  summarizes  the  results  from  33  studies  which  use 
maximal  and  submaximal  field  tests  and  submaximal  laboratory 
tests  to  estimate  It  includes  authors,  style  or  type  of 

work,  r  values,  number  of  subjects,  ages,  etc.  Reproducibility 
of  the  tests  was  not  addressed  by  most  studies  and  hence  has  been 
excluded  from  the  table.  The  gold  standard  for  determination  of 

is  a  maximal  treadmill  or  cycle  ergometry  laboratory  test, 
which  has  high  reproducibility  (ro  0.95  to  0.98)  and  small  error 
(SEE=  1-3  ml’kg'^'min*') .  The  next  hierarchy  of  tests  would  be 
the  maximal  treadmill  or  cycle  ergometer  tests  without  actual 
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S«dy(®5)  40  22-37  f  Astrand-Rhyining  cycle  protocol  0.77  *  (10.4%) 

V02  -  Heart-rate  extrapolation _ _  0.85  *  (  8.7%) 

$arelius(^)  61  14-37  m  Astrand- Rhyming  cycle  protocol  * 

33  f  von  Dobein  (cycle) 

_ V02-lteart-rate  extrapolation  (cycle) _  _ 


Storer(70)  115  20-70  m  cycle  w/prediction  equation  0.94  2.6ml(*) 

*  *6  20-70  f _ _  0.95  12.3  ml  (*) 

*  denotes  data  missing  from  study 
m  =  males 
f  =  females 
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detei-Tctiination  of  Voj.  The  is  estimated  by  treadmill  time  or 

maximal  power  output.  These  tests  generally  correlate  highly 
with  actual  (r=  0.90  -  0.95)  with  a  small  error  {SEE=  3-5 

ml*  kg'^-min'^) .  Maximal  field  tests  (Cooper  12  min  and  1.5  mile 
runs,  etc.)  report  high  correlations  (r=  0.85  -  0.90),  and  small 
error  (SEE=  4-6  ml*  kg‘^*min'*)  with  laboratory  treadmill  Vo,..v 
tests,  but  have  the  drawback  of  higher  risk  and  problems  with 
subject  motivation.  Submaximal  field  tests  used  to  estimate 
^02««x*  general,  appear  to  be  less  predictive  (r=  0.20  -  0.90), 
with  a  greater  error  (SEE=  2-11  ml*  kg*^*min‘^)  .  Submaximal  step 
tests  have  not  had  good  correlations  because  of  variability 
(range  of  r=  0.20  -  0.91),  and  error  (SEE=  4.7  -  6.4  ml*kg*^*min" 

M  .  Submaximal  treadmill  or  cycle  ergometry  tests  have  higher 
correlations  than  step  tests  (range  of  r=  0.66  -  0.92,  SEEa  4.1  - 
10.7  ml* kg*^*min'M  .  Therefore,  modality  is  a  key  issue  when 
choosing  a  submaximal  test  to  estimate  Given  the  high 

correlation  between  deterrained  from  laboratory  maximal 

tests  and  submaximal  treadmill  and  cycle  ergometry  estimations, 
there  is  no  apparent  advantage  to  using  maximal  laboratory  or 
field  tests  to  estimate  over  submaximal  treadmill  and  cycle 

ergometry  tests. 

SHORTCCItfliiQS  OF  PREDICTION  OP  VO^-  FROM  SDBMAXIMRL  ERGOMETRY 
It  appears  that  the  major  shortcomings  of  submaximal 

exercise  tests  used  to  predict  VO-> _ was  their  inconsistency  in 

deriving  adequate  correlations  in  many  studies  and  a  lack  of 
reproducibility.  However,  submaximal  predictions  of  VO-, _ _ 


even 
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with  an  error  of  10-20%  (4-10  ml*  kg’^-min'^) ,  make  excellent  field 
tests  as  long  as  they  are  not  used  as  clinical  data.  There  are  a 
number  of  other  factors  that  can  effect  heart  rate  and 
ventilation,  which  may  have  a  profound  influence  on  predictions 
of  VO>^r »  These  are  pedaling  frequency,  seat  height,  circadian 
rhythms,  caffeine,  warming  up,  and  smoking. 

PEDALING  FESQDSMCY 

Pedaling  frequency  on  cycle  ergometer  has  been  shown  to  affect 
the  relationship  between  caloric  output  and  work  rate.  Using 
delta  efficiency  measurements,  Gaesser  and  Brooks  found  that  60 
rpm  pedal  frequency  was  the  most  efficient  (21) .  This  paper  did 
not  report  whether  the  subjects  were  cyclists  but  all  subjects 
were  “well-trained" .  A  subsequent  study  (25)  on  trained  cyclists 
riding  their  ro?  i  cycles  showed  the  most  economical  pedaling  rate 
at  91  rpm,  most  likely  due  to  their  training  at  higher  pedaling 
frequency.  Direct  effects  of  pedaling  frequency  on  V02  are 
equivocal.  Studies  show  that  Vo,  is  unchanged  (42)  or  increases 
(49)  with  different  pedaling  frequencies.  Other  studies  show 
that  60  rpm  is  optimal  for  (26,30).  Thus,  pedaling 

frequency  may  have  possible  effects  on  estimations  of  but 

more  data  are  needed. 

Evidence  (48)  indicates  that  heart  rate  appears  to  be 
unaffected  by  pedaling  frequency.  In  general,  due  to  the  largely 
untrained  nature  of  the  subjects  in  this  experiment,  it  is 
important  to  pick  a  pedaling  frequency  that  will  be  comfortable 
for  untrained  and  older  subjects,  and  thus  a  pedaling  rate 
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between  40  and  70  rpm  appears  satisfactory. 

SEAT  HEIGHT 

Due  to  the  individual  diffemces  in  leg  lengths,  the 
ergcaneter  seat  height  must  be  properly  adjusted  to  optimize 
efficiency.  Inappropriate  adjustment  of  seat  height  can  alter 
(51)  . 

CIRCADIAN  RHYTHHS 

Time  of  day  variation  in  bod/  tenperature,  heart  rate,  etc., 
may  possibly  effect  response  to  submaximal  exercise.  However, 
two  studies  have  reported  no  difference  due  to  time  of  day  in 
VO?..v  prediction  or  heart  rate  response  to  cycle  ergometry 
(15,31). 

CAFFEINE 

Caffeine  ingestion  increases  heart  rate,  has  a  vasodilatory 
effect  peripherally  and  a  vasoconstrictive  effect  centrally  (11) . 
The  increased  heart  rate  seems  to  be  of  short  duration  (44);  yet, 
it  is  obvious  that  caffeine  intake  prior  to  SC£  will  increase 
heart  rate  and  thus  skew  heart  rate-Voj  prediction  equations. 

The  impact  of  caffeine  ingestion  and  prediction  has  not 

been  studied. 

NARMINQ  OF 

Most  reports  indicate  that  warming  up  fails  to  produce  any 
favorable  influence  on  Voj  at  submaximal  or  maximal  power  output 
(12)  .  The  early  stages  of  many  maximal  protocols,  e.g.  the  Bruce 
test,  have  a  'warm-up'  built  into  the  protocol  as  the  first  stage 
is  a  very  light  work  load. 
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SMOKING 

Cigarette  smoking  is  associated  with  lower  beta2- 
adrenoceptor  density  con^)ared  to  non-smokers  (39).  An  adrenergic 
receptor  is  present  on  cell  men±>ranes  of  target  organs  i.e.  the 
heart.  A  decrease  in  density  of  betaj-adrenergic  receptors  would 
result  in  a  decrease  in  heart  rate  in  response  to  cardiovascular 
stress  such  as  exercise.  Chronic  smoking  appears  to  blunt  the 
heart  rate  response  to  exercise,  which  would  result  in 
overpredictions  of  VOi,..  in  submaximal  test  prediction  protocols 
(67). 

COHCLUSIOHS 

is  the  primary  criteria  for  determining  aerobic 
endurance  work  capacity.  To  increase  increased  muscle 

oxygen  delivery  or  increased  muscle  tissue  oxygen  extraction,  or 
a  combination  of  the  two,  must  occur.  The  laboratory  maximal 
treadmill  testing  is  the  gold  standard  for  determining 
An  accurate  and  reproducible  method  of  estimating  V02k«  at 
submaximal  levels  is  desirable  due  to  the  high  cost,  time 
expenditure,  and  safety  of  conducting  actual  tests  in  the 

laboratory  or  maximal  field  testing  in  large  populations. 
Treadmill  or  cycle  ergometer  tests  which  estimate  from 

exercise  time  or  maximal  power  output  correlate  highly  with 
actual  VOy..,  (r»  0.90  -  0.95,  SEBs  3-3  ml* kg*' -min*')  .  Maximal 
field  tests,  such  as  the  Cooper  12  min  run  or  1.5  mile  run, 
correlate  highly  with  actual  (r=  0.85-0.90,  SEE=  4-6  ml-kg’ 

'•min'M.  When  using  submaximal  tests  to  estimate 
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correlation  of  the  estimate  with  the  actual  Vo,,.,  depends  on 
choice  of  modality.  Suhmaximal  cycle  ergometry  tests  correlate 
very  well  with  actual  V0->,.,  (r=  0.70-0.85,  SEE-  5-7  ml-kg'^-min'^) . 
When  using  submaximal  cycle  ergometry  to  estimate  V02,.x,  a  nxamber 
of  factors  that  effect  heart  rate  must  be  controlled  for:  age, 
gender,  circadian  heart  rhythm,  smoking,  caffeine,  pedaling 
frequency,  and  seat  height. 


32 


RBFZRENCES 

1.  American  College  of  Sports  Medicine;  Guidelines  for 
Exercise  Testing  and  Prescription  4th  ed.  Philadelphia,  Lea 
and  Febiger,  1991. 

2.  Arts,  F.J.P.,  H.  Kuipers,  A.E.  Jeukendrup,  et  al.  A  short 
cycle  ergometry  test  to  predict  workload  and  maximal  oxygen 
uptake.  Int  J  Sports  Med  14 (8) :460-464,  1993. 

3.  Astrand,  I.  Aerobic  work  capacity  in  men  and  women  with 
special  reference  to  age.  Acta  Physiol  Scand  49(suppl. 

169),  1960. 

4.  Astrand,  P-0.  Oxygen  uptake  during  the  first  minutes  of 
heavy  muscular  exercise.  J  Appl  Physiol  16:971-976,  1961. 

5.  Astrand,  P-0.  Quantification  of  exercise  capability  and 
evaluation  of  physical  capacity  in  man.  Prog  Cardiovasc  Dis 
19:51-67,  1976. 

6.  Astrand,  P-0,  and  I.  Rhyming,  A  nomogram  for  calculation  of 
aerobic  capacity  (physical  fitness?)  from  pulse  rate  during 
submaximal  work.  J  Appl  Pi:ysiol  7:218-221,  1954. 

7.  Auchincloss,  J.H.,  Jr.,  R.  Gilbert,  R.P.  Bowman,  et  al. 
Determination  of  maximal  oxygen  with  unsteady-state 
measurements.  J  Appl  Physiol  31;191“197,  1971. 

8.  Balke,  B.  and  R.W.  Ware.  An  experimental  study  of  fitness 
of  Air  Force  personnel.  U.S.  Armed  Forces  Med  J  10:675-678, 


1959. 


33 


9.  Bouchard,  C.,  R.  Lesage,  G.  Lortie,  et  al.  Aerobic 
performance  in  brothers,  dizygotic  and  monozygotic  twins. 

Med  Sci  Sports  Exerc  18:639-644,  1986. 

10.  Burks,  E.J.  Validity  of  selected  laboratory  and  field  tests 
of  physical  working  capacity.  Res  Q  47 (3) :95-104,  1976. 

11.  Chapman,  R.A.  and  D.J.  Miller.  The  effects  of  caffeine  on 
the  contraction  of  the  frog  heart.  J  Physiol  242:589-613, 
1974. 

12.  Chwalbinska-Moneta,  J.  «nd  O.  Hanninen.  Effect  of  active 
warming-up  on  thermoregulatory,  circulatory,  and  metabolic 
responses  to  incremental  exercise  in  endurance-trained 
athletes,  Int  J  Sports  Med  10(l):25-29,  1989. 

13.  Cink,  R.E.  and  T.R.  Thomas.  Validity  of  the  Astrand-Rhyming 
nomogram  for  predicting  maximal  oxygen  intake.  Brit  J 
Sports  Med  15(3) ;182-185,  1981. 

14.  Cooper,  K.H.  Correlation  between  field  and  treadmill  testing 
as  a  means  for  assessing  maximal  oxygen  intake.  JAMA 
203:201-210,  1968. 

15.  Davies,  C.T.M.  Liroitations  to  the  prediction  of  maximum 
oxygen  intake  from  cardiac  frequency  measurements.  J  Appl 
Physiol  24(5) :700-706,  1968. 

16.  DeVries,  H.A.  and  C-E.  Klafs.  Prediction  of  maximal  oxygen 
intake  from  submaximal  testa.  J  Sports  Med  5(12) :207-214, 
1965. 

17.  Ellestad,  M.H.  Stress  Testing  3rd  ed.  Philadelphia,  F.A. 
Davis,  Co.  X-986. 


34 


18.  Fitchett,  M.A.  Predictability  of  ^0,..v  from  submaximal 
cycle  ergoxneter  and  bench  stepping  tests.  Br  J  Sports  Med 
19:85-88,  1985. 

19.  Fox,  E.L.  A  sinqple,  accurate  technique  for  predicting 
aerobic  power.  J  Appl  Physiol  35) 6) :914-916,  1973. 

20.  Froelicher,  V.F.,  A.J.  Thon5>son,  I.  Noguera,  et  al.  A 
coxtparison  of  three  maximal  treadmill  exercise  protocols.  J 
Appl  Physiol  36:720-725,  1974. 

21.  Gaesser,  G.A.  and  G.A.  Brooks.  Muscular  efficiency  during 
steady-rate  exercise:  effects  of  speed  and  work  rate.  J 
Appl  Physiol  38(6) :1132-1139,  1975. 

22.  Glasaford,  R.G.,  G.H.Y.  Baycroft,  A.W.  Sedgwick,  et  al. 
Comparison  of  maximal  os^gen  uptake  values  determined  )oy 
predicted  and  actual  methods.  J  ^pl  Physiol  20 (3) :509-513, 
1965. 

23.  Gutin,  B.  and  B.  Foren.  Relationship  among  submaximal  heart 
rate,  aerobic  power,  and  running  performance  in  children. 

Rea  Q  47(10) ;536-539,  1976. 

24.  Guyton,  A.C.  Human  Physiology  and  Mechanisms  of  Disease. 

5th  edition,  W.B.  Saunders  Co.,  1992. 

25.  Hagberg,  J.M.,  J.P.  Mullin,  M.D.  Giese,  et  al.  Effect  of 
pedaling  rate  on  submaximal  exercise  responses  of 
competitive  cyclists.  J  Appl  Physiol  51 (2) :447-451,  1981. 

26.  Hagen,  R.D.,  S.E.  Weis,  and  P.B.  Raven.  Effect  of  pedal 
rate  on  cardio- respiratory  responses  during  continuous 
exercise.  Med  Sci  sports  Exer  24 (10) :1088-1095,  1992. 


35 


27.  Harrison,  M.H.,  D.L.  Bruce,  G.A.  Brown,  et  al.  A  comparison 
of  some  indirect  methods  for  predicting  maximal  ojQ^gen 
uptake.  Aviat  Space  Environ  Med  51 (10) :1128-1133,  1980. 

28.  Harrison,  M.H.,  G.A.  Brown  and  L.A.  Cochrane.  Maximal 
03Q^gen  uptake:  its  measurement,  application,  and 
limitations.  Aviat  Space  Environ  Med  51 (10) :1123-1127, 

1980. 

29.  Hartung,  G.H.,  L.P.  Krock,  C.G.  Crandall,  et  al.  Prediction 
of  iticiximal  oxygen  uptake  from  submaximal  exercise  testing  in 
aerobically  fit  and  nonfit  men.  Aviat  Space  Environ  Med 
64:,  1993. 

30.  Hermansen,  L.,  Post,  K.P.,  Bowsher,  C.N.,  et  al.  O^gen 
uptake  during  maximal  treadmill  and  bicycle  exercise.  J 
Appl  Physiol  26:31-37,  1969. 

31.  Hill,  D.W.,  K.J.  Cureton  and  M.A.  Collins.  Circadian 
specificity  in  exercise  training.  Ergonomics  32 (1)  :79"9il, 

«r 

1989, 

32.  Jessup,  G.T.,  J.W.  Terry  and  C.W.  Landiss,  Prediction  of 
workload  for  the  Astrand-lRhyming  test  using  step-wise 
multiple  linear  regression.  J  Sports  Med  Phys  Fitness 
15:37-42,  1975. 

33.  Jette',  M,  A  comparison  between  predicted  from  the 

Astrand  procedure  and  the  Canadian  Home  Fitness  Test.  Can  J 
Appl  Sport  4(3)  :21‘V218,  1979. 


36 


34.  Kasch,  F.W.  The  validity  of  the  Astrand  and  Sjostrand 
submaximal  tests.  Physiciem  and  Sportsmedicine  12(8):47-52/ 
1984. 

35.  Katch,  F.I.  and  W.D.  McArdle.  Maximal  osQ^gen  intake, 
enduzrance  running  performance  euid  body  composition  in 
college  womsui.  Res  Q  44:301-309,  1973. 

36.  Katch,  F.I.,  G.S.  Pechar,  W.D.  McArdle,  et  al.  Relationship 
between  individual  differences  in  steady  pace  endurance 
running  performance  euid  maximal  o:i^gen  uptake.  Res  Q 
44:206-210,  1973. 

37.  Kline,  G.M.,  J.P.  Porcari,  R.  Hint ermeis ter,  P.S.  Freedson, 

et  al.  Estimation  of  from  a  one-mile  track  walk, 

gender,  age  and  body  weight.  Med  Sci  Sports  Exerc 
19(3)2253-25^,  1987. 

38.  Latin,  R.W.  and  B.A.  Elias  Predictions  of  maximum  oxygen 
uptake  from  treadmill  walking  and  running.  J  Sports  Med 
Phys  Fitness  33(3):34-39,  1993. 

39.  Xiaustiola,  K.E.,  R.  Lassila,  J.  Kaprio,  et  al.  Decreased 
beta-adrenergic  receptor  density  and  catecholamine  response 
in  male  cigarette  smokers:  a  study  of  monozygotic  twin 
pairs  discordant  for  smoking.  Circulation  78:1234-1240, 

1988. 

40.  Levitan,  B.M.,  and  Bungo,  M.w.  Measurement  of 
cardiopulmonary  performance  during  acute  exposure  to  a  2440- 
m  equivalent  atmosphere.  Aviat  Space  Environ  Med  53(7): 639- 
642,  1982. 


37 


41.  Lewis,  S.F.  Cardiovascular  responses  to  exercise  as 
functions  of  absolute  and  relative  work  loads.  J  Appl 
Physiol  54:1314-1319,  1983. 

42.  Lollgen,  H.,  T.  Graham  and  G.  Sjogaerd.  Muscle  metabolites, 
force,  cmd  perceived  exertion  bicycling  at  varying  pedal 
rates.  Med  Sci  Sports  Exer  13:190-192,  1981. 

43.  Louhevaara,  V.,  J.  Ilmarinen,  and  P.  Oja.  Comparison  of  the 
Astreuid  nomogram  and  the  WHO  extrapolation  methods  for 
estimating  maximal  o:Qrgen  uptake.  Scand  J  Sports  Sci 
2(l):21-25,  1980. 

44.  MacComack,  F.A.  The  effects  of  coffee  drinking  on  the 
cardiovascular  system:  experimental  and  epidemiological 
research.  Prev  Med  6:104-119,  1977. 

45.  Maksud,  M.G.  and  K.D.  Coutts.  Application  of  the  Cooper 
twelve-minute  run-walk  to  yoimg  males.  Res  Q  42:54-62, 

1971. 

46.  Maksud,  M.G.,  et  al.  Energy  expenditure  and  VO>,.»  of 
female  athletes  during  treadmill  exercise.  Res  Q  47:692- 
671,  1976. 

47.  Margaria,  R.,  P.  Aghemi,  and  E.  Rovelli.  Indirect 

a 

determination  of  maximal  0^  consumption  in  man.  J  Appl 
Physiol  20(5) :1070-1073,  1965. 

48.  McArdle,W.D. ,  Hatch,  F.I.,  and  Hatch,  F.W.  Exercise 
Physiology:  Energy,  Nutrition  and  Human  Perf oiuiance .  3rd 
ed.,  Philadelphia,  Lea  and  Febiger.  221-232,  1991. 


38 


49.  McKay,  G.A.,  and  E.W.  Banister.  A  comparison  of  meiximum 
oxygen  uptake  determination  by  bicycle  ergometry  at  various 
pedal  frequencies  and  by  treadmill  running  at  various 
speeds.  Eur  J  Appl  Pbysiol  35:191-200,  1976. 

50.  Nagle,  F.J.  Physiologic  assessment  of  maximal  performance. 
In:  Exercise  and  Sports  Science  Reviews.  Academic  Press, 
313-338,  1973. 

51.  Nordeen-Snyder,  K.S.  The  effect  of  bicycle  ?eat‘ variation 
upon  oxygen  consunqption  and  lower  llvib  kinematics.  Med  Sci 
Sports  Exer  9(2) ;113-117,  1977. 

52.  Oja,  P.,  T,  Partanen,  and  P.  Terasiinna.  The  validity  of 
three  indirect  methods  of  measuring  oxygen  uptake  and 
physical  fitness.  J  Sports  Mec  10:67-71,  1970. 

53.  Pollock,  M.L.,  R.L.  Bohannon,  r.H.  Cooper,  et  al.  A 
comparative  analysis  of  four  protocols  for  maximal  treadmill 
stress  testing.  Amer  Heart  J  92(l}:39-46,  1976. 

54.  Pollock,  M.L.,  J.  Dimmick,  H.S.  Miller,  et  al.  Effects  of 
mode  of  training  on  cardiovascular  function  and  body 
composition  of  adult  men.  Med  Sci  Sports  Exer  7 (2) :139-145, 
1975. 

55.  Pollock,  M.L.,  C.  Foster,  D.  Schmidt,  et  al.  Conparative 
analysis  of  physiologic  responses  to  three  different  maximal 
graded  exercise  tejt  protocols  in  healthy  women.  Amer  Heart 
J  103  (3) :363-;73.  1982. 


39 

56.  Pollock,  M.L.  and  J.H.  Wiimore.  Exercise  in  Health  euid 
Disease:  Evaluation  and  Prescription  for  Prevention  and 
Rehabilitation  2nd  ed.,  Philadelphia,  W.B.  Saunders  Co., 
1990. 

57.  Powers,  S.K.  Exercise  Plqrsiology:  Theory  and  Application 
to  Fitness  and  Performance.  Wm.  C.  Brown,  Pub.  1990. 

58.  Ramsbottom,  R.,  J.  Brewer,  and  C.  Williams.  A  progressive 
shuttle  run  to  estimate  oxygen  uptake.  Br  J  Sports  Med 
24:141-144,  1990. 

59.  Rowell,  L.B.,  H.L.  Taylor,  and  Y.  Wang.  Human 
cardiovascular  adjustments  to  exercise  and  thermal  stress. 
Physiol  Rev  51:75-159,  1974. 

60.  Sady,  S.P.,  M.W.  Carpenter,  M.A.  Sady,  et  al.  Prediction  of 

during  cycle  exercise  in  pregnant  women.  J  Appl 
Physiol  65(2) ;657-661,  1988. 

61.  Saltin,  B.  and  P.O.  Astrand.  Maximal  oxygen  uptake  in 
athletes.  J  i^pl  Physiol  23 (3) :353-358,  1967. 

62.  Sarelius,  I.H.  and  J.P.  Quinn.  Estimation  of  maximal  osQ^gen 
uptake  in  New  Zealanders  of  three  age  groups.  N  Zeal  Med  J 
81(6) :549-552,  1975. 

63.  Sharp,  J.R.  The  new  Air  Force  fitness  test:  A  field  trial 
assessing  effectiveness  and  safety.  Military  Med. 

156(4) :181-185,  1991. 

64.  Shepard,  R.J.,  C.  Allen,  J.S.  Benade,  et  al.  The  maximal 
oxygen  intake:  an  international  standard  of  caidio- 
respiratory  fitness.  Bull  Wld  Hlth  Org  38:757-764,  1968. 


40 


65.  Shvartz,  K.J.,  Y.  Shapiro,  E.  Vurtzel,  et  al.  Relationship 
of  a  kilometer  run  to  aerobic  capacity.  J  Sports  Med  Phys 
Fitness  13 (9) ;180-182,  1973. 

66.  Siconolfi,  S.F.,  E.M.  Culliuane,  R.A.  Carleton,  et  al. 
Assessing  Vo,,..  in  epidemiologic  studies:  imjdification  of 
the  Astrand-Rhyming  test.  Med  Sci  Sports  Exerc  14(5) :335- 
338,  1982. 

67.  Sidney,  S.,  B.  Stemfeld,  S.S.  Gidding,  et  al.  Cigarette 
smoking  and  submaximal  exercise  test  duration  in  a  biracial 
population  of  young  adults:  the  CARDIA  study.  Med  Sci 
Sports  Exerc  25 (10) ;911~916,  1993. 

68.  Sjostrand,  T.  Changes  in  respiratory  organs  of  workman  at 
ore  smelting  works.  Acta  Med  Scand  196 (suppl. ): 651-699, 
1947. 

69.  Stewart,  K.J.  The  prediction  of  maximal  oxygen  uptake 
before  and  after  physical  training  in  children.  J  Human 
Ergometry  4:153-162,  1975. 

70.  Storer,  T.W.,  J.A.  Davis,  and  V.J.  Caiozzo  Accurate 

prediction  of  in  cycle  ergometry.  Med  Sci  Sports 

Exerc  22(5) :704-712,  1990. 

71.  Taylor,  H.L.,  E.  Buskirk,  and  A.  Henschek.  Maximal  oxygen 
intake  as  an  objective  measure  of  cardio-respiratory 
performance.  J  Appl  Physiol  8:73-80,  1955. 

72.  Taylor,  H.L.  and  E.  Buskirk.  The  standardization  and 
interpretation  of  submaximal  and  maximal  tests  of  working 
capacity.  Pediatrics  1963. 


41 


73.  Teraslinna,  P.,  A.H.  Ismail,  and  D.F.  MacLeod.  Nomogram  by 
Astrand  and  Rhyming  as  a  predictor  of  maximum  oxygen  intake. 
J  ^pl  Physiol  21(2)  :513-515,  1966. 

74.  Terry,  J.W.,  H.  Tolson,  D.J.  Johnson,  et  ai.  A  workload 
selection  procedure  for  the  Astrand-Rhyming  test.  J  Sports 
Med  17(4) ;361-366,  1977. 

75.  Verma,  S.S.,  J.S.  Gupta,  and  M.S.  Malhorta.  Prediction  of 
maximal  aerobic  power  in  man.  Europ  J  Appl  Physiol  36:215- 
222,  1977. 

76.  Vogel,  J.A.  An  analysis  of  aerobic  capacity  in  a  large 
United  States  population.  J  Appl  Physiol  60:494-499,  1986. 

77.  Von  Dobeln,  W.,  I.  Astrand,  and  A.  Bergstrom.  Analysis  of 
age  and  other  factors  related  to  maximal  oxygen  uptake.  J 
i^pl  Physiol  22  (4)*:  934-938,  1967. 

78.  Wahlund,  H.  Determination  of  the  physical  working  capacity. 
Acta  Med  Scand  215(suppl.) :1-81,  1948. 

79.  Weber,  S.  Faster  run  rules  worry  top  doctors.  Air  Force 
Times  9(11): 15,  1989. 

80.  Weller,  I.M.R.,  S.G.  Thomas,  M.H.  Cox,  et  al.  A  study  to 
validate  the  Canadian  Aerobic  Fitness  Test.  Can  J  Pub  Hlth 
83(2) :120-124,  1992. 

81.  Williams,  L.  Reliability  of  predicting  maximal  o^vuen 
intake  using  the  Astrand-Rhyming  nomogram.  Res  Q  46(3): 12- 
16,  1975. 


42 


82.  Williford,  H.N.  The  prediction  of  fitness  levels  of 
United  States  Air  Force  officers:  validation  of  cycle 
ergometry.  Military  Med.  unpublished  communication  data. 

83.  Withers,  R.T.  A  con5)arison  of  three  W170  protocols.  Eur  J 
Appl  Physiol  37(9) :123-128,  1977. 

84.  Woynarowski,  B.  The  validity  of  indirect  estimations  of 
maximal  oxygen  uptake  in  children  11-12  years  of  age.  Eur  J 
Appl  Physiol  43(2):19-23,  1980. 

85.  Wyndham  C.H.  Maximum  o^o^gen  intake  and  maximum  heart  rate 
during  strenuous  work.  J  Appl  Physiol  14:927-936,  1959. 


43 


Methods 

Initial  Scraaning  and  Visit  1  Testing 

Two  hundred  and  seven  male  (N=103)  and  female  (N=:104) 
volunteers  between  the  ages  of  18  and  54  yr  participated  in  this 
study.  Subjects  were  recruited  bv  newspaper  ads  and  posted 
fliers.  The  subject  pool  included  University  of  Florida  (UF) 
student  body  and  staff,  as  well  as  residents  from  the 
Gainesville,  FL  and  surrounding  communities.  The  project  was 
approved  by  the  Institutional  Review  Board  of  the  Department  of 
Medicine,  UF  College  of  Medicine. 

Subjects  were  screened  over  the  telephone  and  invited  to  the 
UF  Center  for  Exercise  Science  for  their  initial  visit. 

Exclusion  criteria  for  entrance  into  the  study  were; 
cardiovascular  and  pulmonary  diseases,  hypertension,  orthopaedic 
limitations  to  exercise,  pregnancy,  blood  donation  within  15  days 
of  the  first  visit,  use  of  beta-blocker  drugs  or  beta-agonist 
asthma  medication,  and  the  inability  to  complete  all  tests  within 
3-4  weeks.  Prior  to  each  testing  session,  subjects  were  asked 
to  abstain  frcxn  caffeine  or  tobacco  products  for  a  minimum  of  4 
hours;  food  for  3  hours;  and  any  alcohol  consumption,  strenuous 
exercise  or  exertion  for  10  hours.  To  help  verify  these 
standardized  conditions  subjects  were  asked  to  cooplete  a  24  hcur 
health  history  and  activity  questionnaire  (Appendix  A} . 

Initially,  all  subjects  falling  outside  of  the  U.S.  Air  3'crce 
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(USAF)  height  and  weight  standards  were  excluded  (Appendix  B) . 

As  it  became  clear  that  the  height  and  weight  guidelines  were  too 
stringent  for  the  recruitment  of  subjects  into  the  low  fitness 
categories,  these  standards  were  relaxed.  As  a  gauge  of  the 
ntimber  of  subjects  that  would  have  been  excluded  from  the  stu(^ 
by  this  standard  alone,  a  normative  stu(^  conducted  by  the  Cooper 
Clinic,  Dallas  TX,  showed  that  approximately  40%  of  the  males  and 
females  who  were  classified  as  low  fit  by  the  USAF  study 
guidelines  that  will  be  described  later,  would  have  been 
classified  as  obese  (1) .  Testing  was  rescheduled  for  any  subject 
who  had  violated  any  of  the  above  mentioned  guidelines  for  test 
standardization  or  who  did  not  feel  well  as  described  in  the 
24-hour  health  history  questionnaire. 

Subjects  were  given  an  explanation  of  the  proposed  project 
and  then  asked  to  read  and  sign  an  informed  consent  form,  and 
complete  medical  history  and  physical  activity  questionnaires 
(Appendix  C,D,E).  The  subjects  were  dressed  in  light  exercise 
gear  and  were  asked  to  take  their  shoes  off  for  the  measurement 
of  height  and  weight.  Height  was  measured  to  the  nearest  0.1  cm 
with  a  wall  mounted  Harpenden  stadiometer  (model  602,  Koltain, 
Ltd. ,  England}  and  weight  to  the  nearest  lOOg  with  a  Detecto 
Scale  (model  8430,  Webb  City,  MO).  From  the  height  and  weight 
measures  body  mass  index  was  determined  (BMI  »  Wt(kg)  /  ht^(m*)). 
Spirometry  to  determine  forced  vital  capacity  (FVC)  and  forced 
expiratory  volume  during  the  first  second  of  expiration  (PEVl) 
was  conducted  to  screen  for  pulmonary  limitations.  A  Medical 
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Graphics  CAD/NET  System  1070  (Medical  Graphics,  St.  Paul,  MM)  was 
used  for  pulmonary  screening.  The  FEVl/  FVC  ratio  is  especially 
sensitive  to  pathological  changes  in  lung  function,  such  as  the 
increased  resistance  to  flow  seen  in  asthmatics  (2) .  A  FEVl/FVC 
ratio  of  about  80%  is  considered  normal  (2) .  Subjects  with  a 
FEVl/FVC  ratio  below  70%  were  excluded  from  the  study. 

Subjects  then  received  an  orientation  to  the  testing 
facility,  an  explanation  of  testing  procedures  and  a  baseline 
subnaximal  cycle  ergometry  (SCB)  test  to  estimate  aerobic 
capacity  (Vo,...  ml  kg'‘  min*') .  The  baseline  screening  SCE  test  was 
thought  to  typify  the  conditions  of  a  first  test  situation  used 
for  USAF  personnel.  The  USAF  SCE  test  is  a  modification  of  the 
original  Astrand-Rhyming  protocol  (13) .  All  cycle  ergometry  was 
conducted  using  the  Monark  018B  cycle  ergometer  (Monark, 
Stockholm,  Sweden) .  The  cycle  ergometer  was  calibrated  once 
every  morning  and  afternoon  using  the  USAF  field  calibration 
method  (Appendix  F) (3) .  Minimal  or  no  adjustment  was  needed  at 
each  calibration,  suggesting  that  a  relatively  constant  and 
stable  resistance  was  maintained  throughout  all  tests  for  a  given 
resistance  setting. 

Seat  height  was  adjusted  to  appro.ximately  100%  of  heel  to 
trochanter  length  and  recorded  for  each  subject  using  a  method 
suggested  fcy  Nordeen- Snyder  (4i  .  Ttiis  was  accomplished  by  having 
the  subject  sit  upright  on  the  saddle  with  one  heel  on  a  pedal 
that  was  at  the  bottom  of  the  pedal  stroke.  The  seat  was  then 
adjusted  so  that  the  subject's  leg  was  fully  extended.  Seat 
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height  was  kept  constant  for  all  tests.  Pedaling  cadence  was  also 
kept  constant  at  50  revolutions  per  minute  (RPM)  for  all 
submaximal  tests.  Subjects  were  able  to  watch  an  LCD  RPM  gauge 
on  the  cycle  ergometer  and  listen  to  a  metronome  set  at  100 
beats/min  which  coincided  with  each  pedal  stroke.  Metronomes 
were  calibrated  before  every  test.  The  ITSAF  prototi^e 

software  was  used  for  tho  baseline  SCE  test  and  the  software 
logic  for  power  output  adjustment  was  followed.  The.  starting 
power  output  was  based  on  gender,  age,  weight,  activity  level 
and  whether  a  subject  was  a  smoker  (Appendix  G) .  According  to 
USAF  software,  a  subject  was  classified  as  active  if  he  or  she 
"participates  in  strenuous  physical  activity  ac  least  2  times  per 
week*  (5) . 

The  USAF  SCE  test  is  a  6  minute  test.  The  test  begins  with  a 
3  minute  adjustment  period  that  attempts  to  regulate  the  power 
output  to  a  level  that  elicits  a  steady  state  HR  above  121 
beats/m?.n  (see  Appendix  H  for  details  of  protocol  progression) . 
The  software  may  recommend  power  output  increases  to  be  made 
after  every  minute  of  exercise  during  the  first  3  minute 
adjustment  period,  based  on  HR  and  age  (Appendix  H) .  The  final  6 
minutes  of  the  SCE  test  were  conducted  at  a  power  output  that  was 
determined  during  the  adjustment  period.  A  s,?venth  minute  of 
cycling  was  added  if  the  final  two  HR's  (minutes  5  and  6) 
di:.fered  by  more  than  ±:3  beats/min.  A  test  vas  considered 
invalid  if  the  7,  minute  HR  was  not  withiri  ±3  beats/min  of  the  HR 
obtained  for  minute  5  or  6.  A  HR  exceeding  85%  of  220  -  age 
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(estimation  of  maximum  HR)  was  the  most  conanon  reason  a  baseline 
test  was  labeled  invalid.  After  the  completion  of  each  SCE  test, 
a  cool-down  period  occurred  whereby  the  power  output  was  reduced 
to  0.5  Kp  and  the  subject  was  instructed  to  continue  pedaling  at 
a  self  selected  cadence  until  his  or  her  HR  was  below  100 
beats/min.  A  second  baseline  SCE  test  was  conducted  on  a 
subsequent  visit  if  the  initial  baseline  test  was  considered 
invalid. 

Heart  rate  was  monitored  by  a  Polar  Favor  or  Polar  Pacer 
wireless  HR  monitor  (Polar  CIC,  Port  Washington,  NY)  and  a  four 
lead  electrocardiogram  (ECG)  (II,  AVF,  V5;  Quinton  Q4000, 

Seattle,  WA) .  Instruments  were  set  up  so  that  subjects  were 
unable  to  observe  their  own  HR  during  all  SCE  tests.  HR's  were 
recorded  for  the  last  10  seconds  of  each  minute  of  exercise. 

Power  outputs  for  each  minute  of  exercise  were  recorded.  Also, 
total  body  and  leg  ratings  of  perceived  exertion  (RPE)  were 
obtained  during  the  final  10  seconds  of  every  second  minute  of 
exercise  during  the  final  6  minutes  of  each  SCE  test  (Appendix 
I).  The  total  body  RPE  is  a  number  that  the  subject  was  asked  to 
choose  from  a  chart  and  reflects  the  subject's  total  amount  of 
exertion  and  fatigue;  combining  all  sensations  and  fee'lings  of 
physical  stiess,  effort  and  fatigue  (Appendix  J)  (6) .  The  leg 
RPE  is  similar  to  the  total  body  RPE  except  that  the  subject  was 
asked  to  focus  solely  on  the  above  described  feelings  in  his  or 
her  legs. 

Based  on  the  initial  SCE  test,  subjects  were  classified 
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into  low  fit,  medium  fit  or  highly  fit  categories  (Appendix  K) . 

A  lot  of  effort  was  made  to  fill  a  subject  matrix  based  on 
ml’kg'^*min”^,  gender  and  age.  This  matrix  was  described  in  the 
initial  statement  of  work  and  modified  on  November  8,  1993 
(Appendix  K) .  Approximately  44  subjects  were  excluded  from  the 
study  because  they  fell  into  filled  or  over-filled  categories  in 
this  matrix.  Subjects  exhibiting  abnormal  ECG's  were  also 
excluded  and  referred  to  appropriate  care  givers.  A  minimum  of 
24  hours  of  rest  was  required  after  SCE  tests  and  72  hours  after 
a  maximal  exertion  test. 

Visit  2: 

Subjects  reported  to  the  laboratory  to  perform  a  maximal 
treadmill  test  during  the  second  visit.  As  described  earlier, 
subjects  completed  a  24  hour  health  history  questionnaire  and 
body  weight  was  measured.  As  recommended  by  exercise  testing 
guidelines  set  forth  by  the  American  College  of  Sports  Medicine 
(ACSM) ,  female  subjects  over  the  age  of  50  yr  and  male  subjects 
over  the  age  of  40  yr  received  a  pretest  physical  evaluation  from 
a  physician  (Appendix  L)(7).  The  physician  also  monitored  the 
maximal  treadmill  test  of  these  subjects. 

The  standard  Bruce  treadmill  protocol  was  used  for  all 
subjects  (^pendix  M)  (8) .  The  purposes  of  this  test  were  to 
determine  actually  measured  maximal  oxygen  consumption  (aerobic 
capacity,  and  to  serve  as  an  additional  screen  for 

exercise  contraindications  to  continue  in  the  study.  Pretest 


49 


blood  pressures  (BP)  and  ECG  recordings  were  obtained.  The  EGG 
was  monitored  throughout  the  entire  test  and  recovery  period. 

The  HR,  RPE,  cardiac  rhyt’nm  and  exercise  induced  changes  of  ECG 
recordings  were  made  at  50  seconds  of  each  minute  of  testing  and 
recovery.  Cardiac  disrhythmias  that  occurred  at  other  times  were 
also  recorded.  Blood  pressure  was  measured  during  exercise  at 
2:30  minutes  of  each  stage,  at  peak  exercise,  immediately  post 
exercise,  and  during  a  supine  recovery  at  1,3, 5,7  minutes. 

Expired  osQ^gen  (02)  and  carbon  dioxide  (C02)  gas 
concentrations  and  expiratory  minute  volumes  (V,)  were  collected 
and  recorded  to  measure  aerobic  function.  The  Medical  Graphics 
Cardiopulmonary  Gas  Analyzer  CPX/MAX  (Med  Graphics,  St.  Paul,  MN) 
was  used  to  obtain  breath  by  breath  measurements  of  VO2. 
Additionally,  during  approximately  the  last  3  minutes  of  a  test, 
all  expired  air  was  collected  in  Douglas  bags.  These  are  large 
latex  balloons  from  which  expired  gas  concentrations  and  V,  were 
obtained.  Oxygen  consumption  and  were  determined  by 

calculating  the  fraction  and  volume  of  O2  and  CO2  removed  from 
the  ambient  air.  The  Douglas  bag  techni(jue  was  used  to  reconfirm 
values  obtained  by  the  Med  Graphics  system  and  has  been  shown  to 
be  an  accurate  method  to  measure  aerobic  capacity  (9),  Treadmill 
speed  and  grade,  test  duration,  end^minute  HR's,  end-minute  RPE 
and  environmental  conditions  (temperature,  barometric  pressure, 
and  humidity)  were  recorded  for  each  test. 

Subjects  were  encouraged  to  continue  walking  or  jogging  as 
long  as  possible  in  order  to  obtain  a  true  maximal  effort  and 
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hence  a  VO;*^.  A  true  Vo,..^  test  was  defined  as  when  three  of  the 
following  four  factors  were  achieved;  a  plateau  in  oxygen 
consuanption  with  increasing  work,  a  respiratory  exchange  ratio 
(RER)  greater  than  1.1,  achievement  of  an  age  predicted  maximum 
HR  (220-age),  cuid  an  RPE  of  19  or  20.  A  minimum  of  72  hours  of 
recovery  time  was  allowed  before  further  testing  was  conducted. 
Any  subjects  with  an  abnormal  ECG  or  BP  response,  at  rest,  during 
the  test  or  recovery,  were  excluded  and  referred  to  appropriate 
healthcare  providers. 

Visits  3-6: . 

During  visits  three  through  six,  four  additional  UST^  SCE 
teats  (SCE-1  through  SCE-4)  were  performed.  Two  trials  (SCE-1 
and  SCE-2)  were  performed  following  the  logic  defined  by  the  USAF 
prototype  software.  Subjects  reported  to  the  laboratory  and 
completed  a  24-hour  health  history  and  activity  questionnaire, 
and  body  weight  was  measured.  All  subjects  over  40  years  of  age 
received  a  HR  monitor  transmitter  and  4  lead  electrode 
installation,  as  described  previously.  Subjects  under  the  age 
of  40  only  received  a  HR  monitor  transmitter  installation.  The 
purpose  of  this  was  to  monitor  heart  rhythm  in  the  older 
potentially  higher  cardiac  risk  population,  as  well  as  to  track 
the  accuracy  of  the  Polar  system  with  the  hard  wire  ECG  system. 

Hie  software  recommended  a  power  output  setting  to  achieve  a 
steady-state  HR  based  upon  the  most  recent  SCE  (baseline  or 
SCE-1)  test.  Software  logic  was  overridden  when,  by  Icnowledge  of 
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previous  tests,  it  appeared  that  by  following  the  subsequent 
software  logic  would  cause  an  invalid  test.  Trials  flagged  as 
invalid  by  violations  of  computer  logic  or  other  test  errors  were 
repeated,  on  subsequent  days,  until  two  valid  trials  were 
obtained.  Violations  (invalid  test)  included  a  HR  in  excess  of 
85%  of  220-age,  a  HR  change  >±3  beats  during  the  last  two  minutes 
of  an  SCE,  or  a  subject's  inability  to  continue  exercise  due  to 
excessive  leg  fatigue  (power  output) .  The  other  test  errors  were 
primarily  due  to  the  inability  to  measure  HR  accurately.  This 
occurred  because  of  improper  HR  monitor  transmitter  installation 
on  the  subject  or  HR  monitor  transmitter  failure.  Additionally, 
if  the  end-of-test  power  output  in  trials  1  and  2  differed,  a 
third  trial  (SCE-2a)  was  performed  to  obtain  a  steady  state  HR 
for  two  tests  that  were  performed  at  the  same  end-of-test  power 
output . 

The  remaining  two  trials  (SCE-3  and  SCE-4)  were  completed 
using  a  starting  power  output  that  was  0.5  KP  higher  or  0.5  KP 
lower  than  the  power  output  achieved  in  trials  1  and  2.  As 
outlined  by  the  statement  of  wor)c,  if  the  average  steady  state  HR 
(average  HR  over  the  final  2  minutes  of  the  SCE)  for  SCE-1  and 
SCE-2  was  less  than  0.72  of  the  maximum  treadmill  HR,  the 
starting  power  output  for  the  final  two  trials  was  set  0.5  KP 
higher  than  during  SCE-1  and  SCE-2.  If  the  average  steady  state 
HR  at  the  power  output  used  in  SCE-1  or  SCE-2  was  greater  than 
0.72  of  the  treadmill  maximum  HR,  the  power  output  for  SCE-3  and 
SCB-4  was  set  0.5  KP  lower.  Power  output  was  not  adjusted  after 
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starting  the  test  during  SCE-3  and  SCE-4.  If  steady  state  HR  was 
not  achieved  by  6-7  minutes  of  cycling,  the  results  were 
considered  invalid  for  subsequent  data  analysis.  Invalid  tests 
were  repeated. 

During  one  of  the  visits  (3-6)  an  estimation  of  bo(^ 
conqposition  was  determined  using  the  seven  site  skinfold  method 
of  Jackson  and  Pollock  (1) .  For  the  seven  site  skinfold 
technique,  measurements  of  skinfold  thickness  using  the  Lange 
Skinfold  caliper  (Cambridge  Instruments,  Cambridge,  MD)  were  made 
at  the  chest,  axilla,  subscapular,  triceps,  suprailium,  abdomen, 
and  anterior  thigh.  The  sum  of  these  seven  measurements,  weight, 
gender  and  age  were  used  in  the  Jackson- Pol lock  equation  to 
obtain  a  subject's  body  density  (1).  The  body  density  value  was 
used  to  calculate  percent  fat,  fat  mass  and  fat  free  xnass. 

visit  7t 

Subjects  reported  to  the  laboratory  to  perforii  a  inaximal 
cycle  ergometer  test  during  their  seventh  visit.  The  purpose  of 
the  test  was  to  compare  the  cycle  ergometer  maximal  test  results 
with  the  maximal  treadmill  test  and  the  SCE  estimations  of 
It  was  important  to  determine  whether  the  USAF  SCE  test  estimates 
VOy...  better  compared  to  a  maximal  cycle  ergometer  or  treadmill 
test  Usually  for  persons  who  are  not  accustomed  to  cycle 

riding,  there  is  a  10-25%  lower  value  attained  during  cycle 

versus  treadmill  testing.  Subjects  were  hooked  up  to  a  4  lead 
electrode  preparation,  as  described  for  Visit  1.  A  modified 
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Astrand-Saltin  maximal  cycle  protocol  was  used  for  all  subjects 
to  determine  (11) .  The  test  required  subjects  to  cycle  at 

a  fixed  cadence  of  60  RPM  with  power  output  being  increased  every 
2  minutes  until  the  subject  could  no  longer  maintain  cadence 
(Appendix  N) .  Men  began  the  test  at  360  kpm/min  and  resistance 
was  increased  by  360  kpm/min  per  stage  until  exhaustion.  Females 
also  began  at  360  kpm/min  but,  resistance  was  increased  by  180 
kpm/min  per  stage,  until  exhaustion.  As  during  the  maximal 
treadmill  tests,  subjects  were  encouraged  to  give  a  maximal 
effort.  Data  collection  and  maximal  test  criteria  were  identical 
to  those  of  the  maximal  treadmill  test  (Visit  2)  .  A  minimum  of 
72  hours  of  recovery  was  required  before  the  final  visit  was 
conducted. 

Visit  8} 

A  YMCA  SCE  test  was  conducted  during  the  final  visit.  The 
protocol  followed  is  outlined  in  The  Y's  Wav  to  Physical  Fitness 
(12) .  Like  the  USAF  SCE  test,  the  YMCA  test  is  a  modification  of 
the  Astrand-Rhyming  subnuximal  cycle  test  (13) .  Subjects  were 
also  required  to  maintain  a  cadence  of  50  RPM  throughout  the  test 
and  were  paced  by  a  metronome  set  at  a  100  beats/min  and  the 
tachometer  accompanying  the  Monark  cycle  ergometer.  Each  subject 
began  exercise  at  150  kpm/min  and  power  output  progression  was 
based  on  the  subject's  HR  response  to  this  first  stage  of 
exercise  (Appendix  0) . 

Each  stage  of  the  YMCA  test  lasted  3  minutes.  If  a 
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subject's  HR  varied  >5  beats/min  between  the  last  2  minutes  of 
each  stage,  an  additional  minute  was  added  to  that  stage.  This 
was  continued  until  HR's  for  the  last  two  minutes  of  a  stage  were 
within  ±5  beats  per  minute.  A  test  was  considered  invalid,  and 
repeated  on  a  subsequent  visit,  if  a  subject's  HR  did  not  plateau 
or  the  subject  could  no  longer  maintain  cadence.  The  test  was 
designed  to  be  a  3  stage  test:  the  150  kpm/min  warmup  stage  and 
two  additional  subznaximal  exercise  stages  from  which  the  aerobic 
capacity  was  calculated.  The  test  assumes  that  the  linear 
relationship  between  HR  and  ^0,,..  does  not  occur  until  the  HR  is 
greater  than  110  beats  per /min  (12) .  Therefore,  a  fourth 
exercise  stage  was  added  if  a  subjects'  HR  did  not  exceed  110 
beats/min  for  both  of  the  final  stages. 

Subject  preparation  and  data  collection  were  also  identical 
to  that  of  the  USAF  SCE  tests.  Overall  and  leg  RPE's  were 
obtained  at  50  seconds  of  the  last  minute  of  every  stage.  Power 
output  increases  were  made  during  the  last  10  seconds  of  the  last 
minute  of  every  stage.  Instead  of  using  the  nomogram  supplied  by 
The  Y's  Wav  to  Physical  Fitness,  aerobic  capacity  was  calculated 
using  the  equation  included  in  the  Health  Check  software  (Tucson, 
AZ) .  This  software  is  derived  from  the  original  prediction 
equation  from  The  Y ' s  Wav  to _  Physical  Fitness  (11) . 

Data  Analyaist 

A  total  of  207  subjects  participated  in  this  study.  Since 
not  all  of  them  completed  all  eight  visits,  the  subjects  were 
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divided  into  three  groups  or  phases:  Phase  I  (n=134),  subjects 

■■ 

who  coirpleted  the  first  four  visits  (baseline  SCE,  treadmill  VO^. 
test,  SCE-1,  and  SCE-2) ;  Phase  II  {n=113),  subjects  who  conpleted 
the  first  seven  visits  (Phase  I  plus  SCE-3,  SCE-4,  and  the  cycle 
VO^-  test);  and  Phase  III  (n=102),  subjects  who  coit5>leted  all 
eight  visits  (phases  I  and  II  plus  the  YMCA  SCE) . 

Cross-validation  statistics  (mean  differences,  Pearson 
correlation  coefficients  (r) ,  standard  errors  of  the  estimate 
(SEE) ,  %SEE,  and  total  errors  (E)  were  performed  on  all  three 
phases  in  two  ways:  One  both  males  and  females  combined,  and 
two,  sorted  b]^  gender  (Phase  1;  n„u,=67,  n,*,u.=67;  Phase  II: 
n«u.=58,  ni^i„=55;  and  Phase  III:  n^i^=55,  nf««i^=47)  .  in  addition, 
for  the  Phase  I  group  only,  cross-validation  statistics  were 
calculated  for  the  following  classifications:  One,  High-Fit 
(na85)  vs  Low-Pit  (n«49);  two.  Younger  Adults  (n=68)  vs  Older 
Adults  (n=66);  and  three.  Cyclists  (n=26)  vs  Non-Cyclists 
(n=108) .  High-Fit  subjects  were  defined  as  having  a  USAF  Fitness 
Category  of  4,  5,  or  6  while  the  Low-Fit  subjects  fell  into 
categories  1,  2,  or  3.  (See  Appendix  P  for  details  of  the  USAF 
Fitness  Categories.)  The  Younger  Adults  ranged  in  age  from  19-39 
yrs  while  the  Older  Adults  were  between  the  ages  of  40  and  54 
yrs.  Subjects  who  reported  to  be  triathletes,  both  runners  and 
cyclists,  or  pure  cyclists  were  grouped  into  the  Cyclist 
classification  while  all  others  (active  or  sedentary)  were  placed 
in  the  Non-Cyclist  group.  These  three  classifications  were  also 
analysed  as  whole  groups  and  sorted  by  gender  (High-Fit:  n^«=48. 
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nf«Mii^=37;  Low-Fit:  n«i„=19/  nt««i„=30;  Younger  Adults:  n«i„=35, 
nf««i^*33;  Older  Adults:  n«i„=32#  n,^i«=34;  Cyclists:  iiMii*.=19/ 
nf,ii.i«=7;  Non-Cyclists:  n^i«=48,  nf«,i^=60)  . 

Cross-Validation  Statistics: 

The  cross-validation  procedures  recoinnended  1:^  Lohman  (13) 
were  used  to  determine  whether  the  aerobic  capacities  obtained 
from  the  SCE  tests  (baseline  SCE#  SCE-1  through  SCE-4,  and  the 
YMCA  test)  accurately  predicted  the  criterion  aerobic  capacities 

(treadmill  VO,-.,  and,  when  applicable,  cycle  VO, _ )  .  This 

involved  calculating  mean  differences,  Pearson  correlation 
coefficients  (r) ,  standard  errors  of  the  estimate  (SEE),  %SEE, 
and  total  errors  (B) . 

Mean  Difference; 

The  mean  difference  was  calculated  as  follows:  mean 
criterion  aerobic  capacity  -  mean  SCE  aerobic  capacity  (treadmill 
or  cycle  VO*...,,  (baseline.  SCE,  SCE-1  to  SCE-4,  or  YMCA). 

The  more  similar  these  two  means  were,  the  closer  the  mean 
difference  was  to  zero,  and  therefore,  the  better  the  prediction. 
Also,  a  positive  mean  difference  indicates  that  the  SCE  test 
overpredicts  the  true  aerobic  capacity  while  a  negative 
difference  reveals  that  the  SCE  test  underpredicts.  The 
paired-difference  t-test  was  performed  to  determine  whether  the 
mean  differences  were  significantly  different  from  zero.  An 
alpha  level  of  p^O.OS  was  required  for  statistical  significance. 
Mean  differences  were  also  calculated  for  the  means  of  SCE-1  and 
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SCE-2,  SCE-3  and  SCE-4,  baseline  SCE  with  each  of  the  four  SCE's, 
and  the  treadmill  VOj^  and  the  cycle  VOj««  tests.  (NOTE;  the 
\inits  for  the  mean  differences  are  ml-kg‘^'min'M 

Pearson  Product  Moment  Correlation  Coefficient  (r) ; 

A  correlation  refers  to  a  quantifiable  relationship  between 
two  variables  and  the  statistic  that  provides  an  index  of  that 
relationship  is  called  a  correlation  coefficient  (14) .  When  the 
relationship  between  two  variables  can  best  be  described  as  a 
straight  line,  a  linear  relationship  exists,  as  is  the  case  with 
these  data.  Linear  relationships  can  be  determined  by  the 
product  moment  correlation  (r) .  The  values  of  r  range  from 
•fl.OO,  through  0,  to  -1.00.  The  closer  the  r  value  is  to  1.00, 
the  better  the  correlation,  and  therefore,  the  more  accurate  the 
prediction  of  aerobic  capacity.  The  aerobic  capacities  from  all 
of  the  SCE  tests  were  correlated  to  the  aerobic  capacity  measured 
during  the  treadmill  VO*„  test  and  the  cycle  VO,,^  test.  In 
addition,  the  following  tests  were  correlated  to  each  other; 
one,  SCE-1  and  SCE-2;  two,  SCE-3  and  SCE-4;  three,  baseline  SCE 
and  all  four  SCE^s;  and  four,  the  treadmill  VOw  test  and  the 
cycle  VOj«„  test. 

Standard  Error  of  the  Estimate  (SEE)  and  %SEE; 

The  standard  error  of  the  estimate  (SEE)  is  a  statistical 
term  that  provides  an  indication  of  the  variance  or  dispersion  of 
individual  scores  about  the  computed  line  of  regression  (15) . 

SEE  is  calculated 'as  follows:  SEEsSy/l-r* 
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where  Sy  is  the  standard  deviation  of  the.  criterion  aerobic 
capacity  (treadmill  or  cycle  VOj^)  and  r“  is  the  squared  value  of 
the  Pearson  correlation  coefficient,  r.  The  larger  the  r^  value 
and  the  smaller  the  Sy,  the  smaller  the  SEE  value,  and  therefore, 
the  better  the  predictive  power  of  the  SCE  cycle  test.  (NOTE: 
the  units  for  the  standard  errors  of  the  estimate  are 
rol*kg'^*min'^. )  The  %SEE  was  also  calculated  in  the  following 
manner:  %SEE=SEE/mean  criterion  aerobic  capacity.  This  value 
singly  expresses  the  standard  error  relative  to  mean  criterion 
aerobic  capacity. 

Total-  EfrQ?r_lEJj 

The  total  error  (E)  is  a  statistical  term  tliat  includes  two 
sources  of  variation:  the  SEE  and  any  systematic  error  that  would 
be  indicated  by  the  difference  between  the  regression  line  and 
the  line  of  identity  (15).  Total  error  is  calculated  as  follows: 
EWX(y'  -y)“/N,  where  y'  is  the  criterion  mean  and  y  is  the  mean 
of  the  SCE  test*  The  smaller  the  difference  between  the  two 
ttieans,  the  smaller  the  E,  and  therefore,  the  better  the 
predictive  power  of  the  SCE  test. 

Malvsis  of .. Yariance . (movAL:. 

Kftan  aerobic  capacities  of  all  five  SCE  tests  (baseline  SCE 
and  SCE-'l  through  SCE-4)  were  coutoared  using  ANOVA  with  repeated 
meat^ures.  Post-hoc  tests  were  completed  when  appropriate  using 
single  degree-of- freedom  contrasts. 
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Stepwise  Multiple  Regression  Analysis; 

Stepwise  multiple  regression  analysis  with  maximinn  (MAXR) 
inprovement  was  used  to  develop  new  prediction  equations  for 
males  and  females.  The  purx>ose  of  this  analysis  was  to  determine 
if  new  equations  could  be  generated  that  would  inprove  the 
estimation  VO,....  from  the  USAF  SCE  test.  The  MAXR  technique, 
developed  by  Goodnight  (16),  is  considered  superior  to  the 
stepwise  technique  alone.  According  uo  the  SAS  User* a  Guide 
(16),  "the  MAXR  method  tries  to  find  the  best  one-variable 
model,  two-variable  model,  and  so  forth.  The  MAXR  method  begins 
by  finding  the  one-variable  model  producing  the  highest  R^.  Than 
another  variable,  the  one  that  yields  the  greatest  increase  in 
R*,  is  odded.  Once  the  two-variable  model  is  obtained,  each  of 
the  variables  in  the  model  is  compared  to  each  variable  not  in 
the  model.  For  each  comparison,  MAXR  determines  if  removing  one 
variable  and  replacing  it  with  the  other  variable  increases  R’. 
After  comparing  all  possible  switches,  MAXR  makes  the  switch  that 
produces  the  largest  increase  in  R*.  Thus,  the  two-variable 
model  achieved  is  considered  the  ’best*  two-variable  model  the 
technique  can  find.  Another  variable  is  the.i  added  to  the  model, 
and  the  comparing-and-switching  process  is  repeated  to  find  the 
best  three -variable  model,  and  so  forth.’* 

Stepwise  multiple  regression  euralysis  with  maximum  r’  (MAXR) 
ii^rovement  was  performed,  by  gender,  using  the  following  seven 
variables  measured  during  the  basel-ne  SCE  test:  age,  height, 
weight,  BMI,  resting  heart  rate,  final  power  output,  and  the  mean 
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of  the  final  two  exercise  HRs.  In  the  regression  model,  these 
seven  variables  were  entered  as  the  independent  variables  and  the 

aerobic  capacity  measured  from  the  treadmill  VOt _ test 

represented  the  dependent  variable.  In  an  effort  to  inprove 
prediction  accuracy,  additional  models  were  r\m  using  the 
following  independent  variables:  one,  the  same  seven  variables 
plus  their  squared  values;  two,  the  seven  variables  plus  their 
log- transformed  values;  and  three,  the  seven  variables,  their 
squared  values,  and  their  log- transformed  values.  For  entry  into 
a  regression  model,  the  significance  level  of  the  F  statistic 
associated  with  each  independent  variable  was  set  at  p^O.05. 
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Results  and  Discussion 
Subject  description  and  adherence 

As  described  in  the  methods,  a  total  of  207  subjects 
volunteered  to  participate  in  the  study  and  conqpleted  the 
baseline  submaxiroal  cycle  ergometer  (SCE)  test.  Of  these,  134 
subjects  conpleted  phase  I  of  the  project  by  completing  the 
treadmill  test  to  determine  maximum  aerobic  capacity  and 

two  additional  SCE  tests  (SCE  1  and  2).  Additionally,  113 
subjects  who  completed  phase  I,  took  the  SCE  3  and  SCE  4  tests 
and  the  cycle  ergometer  test  to  determine  VO„..  (phase  II) . 
Finally,  102  subjects  conqpleted  both  phases  I  and  II  of  the 
project  and  phase  III  which  included  a  SCE  test  developed  by  the 
YMCA  (YMCA) . 

During  the  course  of  the  project  a  total  of  106  subjects  did 
not  complete  the  studty.  Participants  did  not  finish  the  eight 
test  protocol  for  a  variety  of  reasons.  Forty-one  percent 
(44/106)  of  the  non  completers  were  dropped  by  the  investigators 
because  their  age- fitness  classification  as  described  in  Appendix 
K  was  already  filled.  In  all  cases,  these  subjects  were  too  fit. 
Fifty-two  percent  (55/106)  dropped  out  of  the  testing  protocol 
because  of  the  lack  of  time  or  loss  of  interest.  Four  (3.7%)  of 
the  subjects  were  not  allowed  to  continue  in  the  project  for 
medical  reasons;  three  had  electrocardiographic  abnormalities 
during  their  treadmill  test  and  one  had  hypertension.  TVo 
subjects  dropped  out  of  the  study  because  of  an  accident  ttiat  was 
not  related  to  the  project  and  one  resulting  from  a  medical 
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problem  not  related  to  the  project. 

Table  2  shows  the  distribution  of  subjects  by  gender,  age 
emd  aerobic  capacity  for  the  134  participants  who  completed  phase 
I.  Most  of  the  age-fitness  cells  were  filled  which  complies  with 
the  statement  of  work  requirements  established  in  T^pendix  K  as 
modified  b/  Lt.  Col.  Bisson,  M.D.  (Table  A),  except  for  the  low 
fit  subjects.  It  was  difficult  to  recruit  younger  unfit  subjects 
who  could  meet  the  U.S.  Air  Force  (USAF)  height  and  weight 
standards.  More  importantly,  the  initial  cut  off  for  low 

fit  males  (<  32  ml-kg  'hnin'M  emd  females  (<  26  ml'kg-'Hnin'M 
(i4>pendix  K,  Table  B)  was  at  the  7th  percentile  of  the  population 
norms  (1,2).  The  latter  adjusted  stemdards  for  males  (<  35 
ml‘kg*’hnin**)  and  females  (<  29  ml‘kg*’*min'')  (Appendix  K,  Table  A) 
were  at  the  10th  and  15th  percentiles  of  the  population  norms, 
respectively.  Although  a  concerted  effort  was  made  to  recruit 
low  fit  subjects  the  availability  of  potential  participants 
appeared  to  be  quite  small.  Perhaps  lower  fit  younger 
individuals  are  less  likely  to  volunteer  for  studies  that  require 
physical  effort.  Also,  many  of  the  low  fit  subjects  that  were 
ider  ified  were  obese  and/or  could  not  meet  the  blood  pressure 
standard.  Even  though  very  low  fit  younger  subjects  were  not 
available  for  this  study,  the  matrix  found  in  Table  2  shows  a 
broad  distribution  of  fitness  levels  based  on  age  and  gender. 

The  physical  characteristics  and  aerobic  capacity 
information  found  in  Table  3  show  that  the  participants  used  in 
this  study  were  representative  of  a  normal  sample  of  U.S. 


Table  2 .  Matrix  showing  the  san^le  size  by  gender,  age  and  aerobic 
fitness  classification,  for  subjects  conqpleting  phase  I*  of  the  U.S. 
Air  Force  submaximal  cycle  ergometer  study  (n=134) . 


Males 

Females 

Age,  yr 

L* ** 

M 

H 

L 

M 

H 

(<35). 

{>35,  <44) 

(>44) 

(<29) 

(>29,  <37 ) 

(>37) 

1  =  17-24 

0 

4 

6 

0 

2 

5 

2  =  25-29 

1 

2 

7 

0 

2 

5 

3  =  30-34 

2 

0 

6 

4 

2 

3 

4  =  35-39 

1 

3 

3 

1 

4 

5 

5  =  40-44 

'  4 

3 

4 

6 

3 

3 

6  =  45-49 

4 

1 

4 

1 

4 

3 

7  =  50-54 

3 

6 

3 

7 

5 

2 

n=15 

n=19 

n=33 

n=19 

n=22 

n=26 

total 

n  =  67  males 

total 

n  =  67  females 

*  phase  I  includes  subjects  who  con5>leted  a  baseline  submaximal  cycle 
ergometer  (SCE)  test,  treadmill  test  to  determine  maximal  aerobic 
capacity  and  two  additional  SCE  tests. 

**  L  =  low,  M  =  moderate,  H  =  high  aerobic  capacity  by  expressed 

as  ml  kg'^  min'^ . 
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Tabl«  3.  Physical  charactsrlstlcs  for  subjscts  who  conqplstsd  phasa  I*  of  tha 
U.S.  Air  Forca  submaximal  cycla  argooatar  fast  validation  study.  Data  is  for 
total  group  (nsl34)  and  by  gender  (nales  ns67,  f«nales  ns67). 


Mean  *  SD 


Range 


Age,  yr 

38.3  ±  10. S 

19.0  - 

54.0 

Ht**,  cm 

172.3  ♦  9.7 

152.4  - 

193.4 

Ht,  kg 

72.8  ±  14.3 

46.5  - 

115.7 

BUZ 

24.4  ♦  3.7 

15.5  - 

38.9 

Pat,  % 

22.1  *  9.6 

4.4  - 

44.1 

PFM,  kg 

56.7  ♦  12.3 

37.3  - 

85.1 

40.6  4-  13.7 

16.9  - 

83.2 

Kales  (ns67) 


Peiaalea  ) 


mean 

so 

Range 

Naan 

X 

so 

Range 

Age,  yr 

37.7 

♦ 

11. 1 

19.0  - 

54.0 

38.9 

X 

9.9 

19,0  - 

54.0 

Ht,  cm 

179.5 

i! 

6.7 

165.5  - 

193.4 

165.9 

♦ 

6.4 

152.4  - 

184.8 

Wt,  kg 

81.1 

♦ 

11.3 

57.3  - 

105.1 

66.4 

£ 

11.9 

46.5  - 

115.7 

SMI 

25.2 

i. 

3.2 

19.8  - 

36.8 

23.6 

4.0 

15.5  - 

38.9 

Fat,  1 

17,0 

♦ 

7.9 

4.4  - 

32.0 

27.9 

8.0 

14.9  - 

44.1 

PFU,  kg 

66.4 

♦ 

7.1 

53.4  “ 

85.1 

45.7 

5.8 

37.3  - 

65.3 

48.0 

12.8 

36.1  - 

83.2 

33.2 

X 

10.1 

16.9  - 

67.7 

*  phase  1  includes  subjects  who  cocepleted  a  bssslins  subetaxioal  cycla 
ergoBsater  (SCE)  test,  traadaill  test  to  determine  naxiasl  aerobic  capacity  and 
two  additional  SCE  tests. 

**  ht  a  height,  wt  m  weight,  EMI  ■  body  mass  index,  fat  a  percent  fat  derived 
from  the  sum  of  7  skinfolds,  PFN  ■  fat  free  mass,  st  aerobic  capacity 

dateriainad  on  a  treadmill, 
t  ad-kg-**»in** 
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citizens  based  on  population  norms  (1,2),  except  for  the  V02,4x  of 
males.  The  Vo,..,  of  the  males  was  approximately  5  ml‘kg''Hnin'^ 
higher  than  found  in  the  popul<^tion  norms.  This  distribution 
remained  relatively  constant  for  the  total  group  or  when  the 
group  was  dichotomized  by  gender  for  subjects  who  conpleted  phase 

I  (Table  3,  n=134},  phase  II  (Table  4,  n=113)  and  phase  III 
(Table  5,  n=102) .  In  general,  the  males  averaged:  age  =  37.7  ^ 

II  yr,  height  =  180  ±  7  cm,  weight  =  81  ^  11  kg,  bod^  mass  index 
=  25.2  j:  3  kg/m^,  fat  =  17  ^  8%  and  VO->^.  48.0  +,  13  ml  kg''hnin‘' 
and  females:  age  =  38.9  ^  10  yr,  height  =  166  ±  6  cm,  weight  -- 
66  ±  12  kg,  body  mass  index  =  23.6  ^  4  kg/m*,  fat  »  28  +.  8%  and 
VOj^  33.2  ±  10  ml  kg  *hnin‘*  for  physical  characteristics  and 
aerobic  capacity  determined  on  a  treadmill. 

CroaS'’Valldatlon  of  USJUr  aubaaxlBal  cycle  ezrgcaMiter  toat 

The  USAF  SCE  test  was  cross- validated  with  phase  I  subjects 
by  gender  (males  na67,  females  n=67) .  Table  6  shows  the  results 
from  the  baseline  SCE,  SCE  1,  and  SCE  2  tests  compared  to  the 
treadmill  test  to  determine  VO,..., .  These  data  show  that  the 
baseline  SCE  VOjmk  tor  the  males  was  modestly  lower  (2.2  ml  kg  ' 
'min  ',  p  <.  O.OS)  than  the  treadmill  results  and  the  SCE  1  and  2 
tests.  The  SCE  1  and  2  results  were  similar  to  the  treadmill 
values.  For  females  the  treadmill  test  was  significantly 

lower  than  all  three  SCE  tests.  In  general,  the  female  baseline 
SCE  test  was  closer  to  the  treadmill  Vo,...  than  the  SCE  1  and  2 


values . 
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Tabl*  4.  niysical  eharactariatica  for  aubjocts  eonplatad  phaaa  XZ*  of  the  U.S. 
Air  Force  auhaaxiaal  cycle  ergoaMter  (SCB)  teat  validation  atudy.  Data  ia  for  total 
group  (nsll3)  and  by  gender  (aalea  «  56,  feavalea  >«  55) . 


niynical  Characteriatica 

(n>113) 

Haan  *  SO 

Rang# 

Age,  yr 

38.9  *  10.3 

19.0  -  54.0 

Ht**  cm 

172.7  X  9*7 

152.9  <  193.4 

Ht.  kg 

73.0  ±  14.3 

48.3  -  115.7 

BMI 

24.3  ♦  3.7 

15.5  -  38.9 

Pat,  % 

22,3  X  9.9 

4.4  -  44.1 

PPM.  kg 

56.9  ♦  12.4 

37.3  -  85.1 

40.6  X  13*7 

16.9  -  83.2 

Malea 

(n>58) 

Peaalea  (n«55) 

Kean 

♦ 

aea 

SO 

Rang# 

Kaan  x  Rang# 

*a*.  yr 

37.9 

10.9 

19.0  -  54.0 

39.9  X  9.7  19.0 

w» 

54.0 

Ht**  cm 

160.0 

1. 

11.6 

165. S  “  193.4 

164.9  X  5.8  152.9 

- 

180.0 

Ht,  kg 

80.7 

11.6 

57.3  -  105. 1 

64,7  +  12.1  40.3 

- 

115.7 

BMX 

24.9 

3.4 

19.8  -  36.6 

23.7  X  *-0  15.5 

- 

38.9 

Pat,  % 

16.7 

X 

7.7 

4.4  >  31.3 

28,9  ♦  e.l  14.9 

- 

44.1 

PPH,  kg 

66.6 

7.0 

54.5  -  85.1 

45.4^  5.8  37.3 

- 

65. 3 

46.3 

X 

12.7 

28.7  -  83.2 

32.5  X  9,5  16.9 

- 

67.7 

*  Fhaae  XZ  Includea  aubjecta  vho  coaapleted  phaae  I  of  the  project  plus  two 
additional  SCE  teata  (SCE  3,  SCE  4)  and  a  aaxiaal  cycle  ergoaeter  teat  to  detertaine 

VOj^. 

**  ht  •  height,  wt  ■  weight,  BNX  •  body  aaaa  index,  fat  m  percent  fat  derived  froo 
the  auaa  of  7  akiofolda,  PfH  •  fat  free  saaa,  ■  aerobic  capacity  determined  on 

the  treadmill. 


1  Klkg'Nsin'* 


69 


Table  5.  Pt^sical  characteristics  for  subjects  viio  c(»^leted  phase  III*  of  the  U.S. 
Air  Force  subnaxinal  cycle  ergcsoeter  (SCE)  test  valiviation  stu^y.  Data  is  for  total 
group  (n=sl02)  and  by  gender  (males  =>  55,  females  =  47). 


Physical  Characteristics 

(n«102) 

Hean  ±  SD 

Range 

Age,  yr 

38.4  *  10.3 

19.0  -  54.0 

Kt,  cm 

173.1+  9.7 

152.9  -  193.4 

Wt.  kg 

73.3  ♦  14.1 

48.3  -  115.7 

BMX 

24.3  +  3.8 

15.5  -  38.9 

Fat,  % 

22,1  *  10. 0 

4.4  -  44.1 

FFM,  kg 

57.1  ±  12.3 

37.3  -  85.1 

41.3  ♦  13.7 

16.9  -  83.2 

Males 

(n«SS) 

PeMles  (n<a47) 

Kean 

SD 

Range 

Kean  +,  SD  Range 

kgs.  yr 

38.1 

10.7 

20.0  -  54.0 

38.7  ♦,  9.9  19.0  -  ’  54.0 

Ht**  OB 

180.1 

6.0 

165.8  -  193.4 

164.9  6.0  152.9  -  180.0 

wt.  kg 

80.4 

♦ 

10.8 

63.0  -  105.1 

64.9  i  12.9  48.3  -  115.7 

BMX 

24.8 

♦ 

3.3 

19.8  -  36.8 

23.8  i  4.2  1S.5  -  38.9 

Fat,  1 

16.5 

7.4 

4.4  -  29.0 

29.1  +  8.3  14.9  -  44.1 

PFM.  kg 

66.6 

6.6 

56.1  -  85.1 

45.4  5.9  37.3  -  65.3 

VO^t 

48.3 

A. 

12.6 

28.7  -  83.2 

33.0  +  10.0  16.9  -  67.7 

*  Phase  XIX  includes  subjects  vdw  coeapleted  phase  X  and  XX  of  the  project  plus  the 
YHCA  SCE  test. 


**  ht  n  height,  wt  =  weight,  BNX  «  body  mss  index,  fat  s  percent  fat  derived  from 
the  sum  of  7  skinfolds,  PFM  a  fat  free  mass,  e  aerobic  capacity  determined  on 
a  treadptill. 


t  ml  kg  ‘*mift‘“ 
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Table  6.  Maximum  aerobic  capacity  (mean  ±  SD  and  range)  for  the 
U.S.  Air  Force  submaximal  cycle  ergometer' (SCE)  test  using  phase 
I  subjects. t 


Maximum  aerobic  capacity  (ml’kg’~*min'*) 

test 

males 

mean  ±  SD 

(n.67) 

range 

females  (n: 

mean  SD 

=67) 

range 

TMT* 

48.0  ±  12.8* 

26.1  -  83.2 

33.2  +.  10.1 

16.9  -  67.7 

Base* 

45.8  i:  14.2 

22.0  -  87.5 

35.5  +  11.8**t 

16.1  -  72.9 

SCE  1 

48.2  +  15.1* 

22.9  -  97.6 

37.1  +  12.5** 

18.1  -  77.3 

SCE  2 

48.6  ±  16.0* 

20.3  -  110.6 

38.0  12.7** 

17.9  -  81.4 

*  TMT  3  maximal  treadmill  test  to  determine  Vo, _ _ 

Base  3  baseline  SCE 

*  p  ^  0.05  from  baseline  SCE 
**  p  i  0.05  from  IMT 

t  p  <  0.05  from  SCE  2 

t  Phase  I  included  subjects  who  completed  a  baseline  SCE  test, 
treadmill  test  to  determine  and  two  additional  SCE  tests. 


Table  7.  Cross-validation  statistics  of  the  U.S.  Air  Force 
submaximal  cycle  ergometer  (SCE)  test  using  phase  I  {n=134) 
subjects. 


73 


Baseline 

SCE  1 

SCS  2 

Males  {ni=67) : 

Mean  Difference 

-2.2* 

0.2 

0.6 

r 

0.85 

0.86 

0.85 

SEE** 

6.7 

6.5 

6.7 

%  SEE 

14.0% 

13.5% 

14.0% 

E** 

7.9 

7.5 

8.4 

Females  (na67)! 


Mean  Difference 

2,2* 

3.8* 

4.8* 

r 

0.84 

0.87 

0.86 

SEE** 

5.5 

$.0 

5.2 

%  SEE 

16.6% 

15.1% 

15.7% 

B** 

6.7 

7.2 

8.2 

•  p  £  0.05  from  treadmill 

**  ml-kg’*Httin'* 
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Table  7  shows  that  for  both  males  and  females  the 
correlations  (r)  and  standard  erirors  of  estinete  (SEE)  for 
were  similar  for  ell  SCE  tests  con^ared  to  the  actual 
determined  on  a  treadmill.  For  males  the  r,  ranged  from  0.85  - 
0.86  and  the  SEES  6.5  -  6.7  {13.5  -  14.0%)  and  for  females  che  r, 
ranged  from  0.84  -  0.87  euid  SEEs  5.0  -  5.5  (15.1  -  16.6%) 
conqpared  to  the  treadmill  VOsb**.  Thc:  total  eirror  (E)  reflects  a 
small  systematic  error  related  to  the  mean  difference  of  each  SCE 
test  when  compared  to  the  treadmill  test. 

These  cross-validation  statistics  show  that  the  USAF  SCE 
test  is  a  valid  field  test  and  the  first  loaseline  test  gives 
adequate  estimates  of  Further,  these  results  cosipare 

favorably,  if  not  better  than  other  reports  in  the  literature 
using  submaxinal  teat  ergaa^try  to  estimate  VOj,*,  {see  Table  1, 
review  of  literature).  The  second  tast  for  males  (SCE  1) 
appeared  to  improve  the  estimated  mean  value  for  but  the  r 

and  SEE  remained  similar  to  the  baseline  SCE  test  values.  For 
the  females,  the  baseline  SCE  test  showed  a  small  overestimation 
of  compared  to  the  actually  measured  treadmill  values.  The 

overestimation  VO^**,  became  progressively  higher  with  subsequent 
SCE  tests,  but  tho  r  and  SEE  values  resiainiad  similar  to  the 
baseline  SCE  test  values.  Th§  increase  in  estimated 

with  subsequent  SCS  testing  raflects  a  small  learning  or 
training  effect. 

The  results  from  phase  II  of  the  study  addressed  three 
important  issues;  one,  does  the  estimate  of  from  the  SCE 
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test  relate  better  to  the  directly  a^asured  VO,..,  determined  on  a 
treadmill  or  on  a  stationary  cycle,  and  two,  does  adjusting  the 
power  output  down  or  up  (+.0.5  kp)  depending  on  the  HR  -  power 
output  relationship,  inprove  the  estimate  of  VO>..,  for  the  SCE 
test?  The  third  issue  relates  to  the  second,  in  that  does  having 
a  higher  HR  within  the  steady  state  HR  range  for  estimating  V02a,x 
from  the  SCE  test  provide  a  more  valid  test?  For  example,  there 
are  some  indications  that  testing  at  a  higher  power  output  (thus 
higher  steady  state  HR)  provides  a  higher  r  and  smaller  SEE  in 
estimating  (1) . 

Table  8  shows  the  means  +.  SD  and  ranges,  and  Table  9  shows 
the  cross-validation  statistics  for  the  various  SCE  tests 
coB^red  to  the  treadmill  maximum  test.  Ihe  mean  differences  and 
cross-validation  results  for  baseline  SCB  and  SCE  I  and  2  for 
phase  II  subjects  are  similar  to  those  shown  for  the  phase  I 
subjects  found  in  Tables  6  and  7,  except  for  the  males  baseline 
SCE  test  which  was  not  significantly  (p  .>  O.OS)  different 
than  the  treadmill  Vo, _ value. 

Ihe  cycle  ergcaaeter  VOj^  results  were  significantly  lower 
compared  to  the  treadmill  values  (p  <  0.05)  for  both  males 

(-12%)  and  females  (-13%).  These  differences  are  coBi|)arable  to 
those  found  in  the  literature  for  subjects  of  similar  age  and 
level  of  fitness  (1).  Although  the  mean  values  were  diffes^nt 
between  the  two  maximal  tests,  the  intercorrelation  was  high  for 
males  and  moderately  high  for  females  (Table  10) .  Also,  the 
cross-validation  statistics  for  the  SCB  tests  related  to  the 
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Table  8.  Majcimxiiti  aerobic  capacity  (mean  ±  SD  and  range)  for  the 
U.S.  Air  Force  submaximal  cycle  ergometer  (SCE)  test  using  phase 
II  (11=113)  subjects. 


Maximum  aerobic  capacity  (ml'kg*'hnin'M 

males 

{n=58) 

females  (n=55) 

test 

mean  +,  SD 

range 

mean  +.  SD 

range 

TMT 

48.3  i  12.7 

1 

28.7  -  83.2 

32.5  +  9.5 

16.9  -  67.7 

Cycle 

42.3  +  11.6 

23.4  -  69.7 

28.3  ±  8.8 

12.0  -  54.2 

max 

Base^ 

47.0  +  14.3 

22.0  -  87.5 

34.2  +  10.7 

16.1  -  72.9 

SCE  1 

49.3  +  15.3 

22.9  -  97.6 

35.7  +  10.8 

18.1  -  75.8 

SCE  2 

49.9  +  16.3 

20.8  -  lie. 6 

36.7  +  11.5 

17.9  -  81.4 

SCE  3 

51.2  +  16.2 

23.5  -  104.8 

38.1  +  12.5 

15.9  ~  78.6 

SCE  4 

1 

51.0  +  16.1 

20.5  -  107.3 

38.2  +  12.9 

18.5  -  81.2 

*  phase  II  includes  subjects  who  conpleted  a  baseline  SCE  test 
and  four  additional  SCE  tests,  and  both  treadmill  and  cycle 
ergometer  tests  to  determin  maximal  aerobic  capacity. 

**  TMT  =  treadmill  maximum  test,  Cycle  max  s.  cycle  maximum  test, 
Bass  =  baseline  SCE  test. 


Table  9.  Cross-validation  statistics  of  the  U.S.  Mr  Force 
subinaximal  cycle  ergometer  (SCE)  test  using  phase  II  (n=113) 
sub j  ects . 
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Baseline 

SCE  1 

SCE  2 

SCE  3 

SCE  4 

Males  (n=58) : 

Mean  Difference 

-1.3 

1.0 

1.6 

2.8* 

2.6* 

r 

0.85 

0.87 

0.86 

0.82 

0.85 

SEE** 

6.7 

6.3 

6.5 

7.3 

6.7 

%  SEE 

13.9% 

13.0% 

13.5% 

15.1% 

13.9% 

E** 

7.6 

7.6 

8.4 

9.5 

8.9 

1 

Mean  Difference 

1,7* 

3.2* 

4.2* 

5.6* 

5.7* 

r 

0.81 

0.86 

0.83 

0.76 

0.75 

SEE** 

5.6 

4.8 

5.3' 

6.2 

6.3 

%  SEE 

17.2% 

14.8% 

16.3% 

19.1% 

19.4% 

E** 

6.5 

6.4 

7.6 

9.8 

10.2 

*  p  <  0.05  from  treadmill  VO, _ 

**  ml’kg’'4nin‘^ 
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Table  10.  Cross-validation  statistics  for  the  maximum  cycle 
ergometer  test  (Cycle  max)  coirpared  to  the  treadmill  ntfocimal  test 
(IMT)  using  phase  II  (n=113}  subjects. 


Males  (n=58} 

Females  {n=55) 

Mean  Differencet 

-6.1* 

-4.2* 

r 

0.95 

0.86 

SEE,  ml'kg''Hnin'^ 

4.0 

4.8 

SEE,  % 

8.3 

14.0 

E,  ml‘kg-*Htiin*^  * 

7.3 

6.4 

t  mean  difference  =  TMT  _  -  Cycle  max  {inl’kg"%in'^} 

*  p  jc  0.05  from  treadmill  (TMT) 
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cycle  ergometer  Vo,..,  were  similar  to  those  found  for  the 
treadmill  Vo,..v  test  (data  not  shown  in  this  report) .  Thus,  the 
accuracy  of  estimating  VO,..,  from  the  SCE  test  was  equally  as 
good  for  the  cycle  and  treadmill  tests,  except  for  the 

absolute  mean  values.  The  SCE  test  estimation  of  (absolute  mean) 
VOo...  was  more  closely  related  to  the  treadmill  values  for 

both  males  and  females. 

The  results  showed  that  manipulating  the  power  output  +,0.5 
Icp  during  the  SCE  tests  (SCE  3  and  4,  Tables  8  and  9)  did  not 
improve  the  estimation  of  .  In  general,  the  cross- 

validation  statistics  are  similar  among  all  SCE  tests  except  for 
SCE  3  and  4  for  females.  The  higher  mean  values  for  VO,...  across 
SCE  tests  for  both  males  and  females  could  reflect  small  practice 
and/or  training  effects. 

To  evaluate  whether  the  VO,...  estimation  from  the  SCE  test 
was  improved  (>r,  <SEE)  when  subject's  trained  at  a  higher  power 
output  (i.e.,  higher  steady  state  HR),  the  phase  II  subjects 
(n=lll  two  subjects  did  not  change  power  output  among  tests)  were 
separated  into  two  groups;  (a)  those  who  trained  at  a  lower 
power  output  for  SCE  1  &  2  and  a  higher  power  at  SCE  3  &  4  and 

4 

(b)  those  who  trained  at  a  higher  power  output  for  SCE  1  &  2  and 
a  lower  power  output  at  SCE  3  &  4.  Validation  statistics  showed 
that  the  SCE  tests  performed  at  the  higher  power  outputs 

estimated  ^/O, _ better  for  both  groups.  See  Table  11.  These 

results  are  in  general  agreement  with  what  has  been  shown  in  the 
literature  (1)  .  * 
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Table  11.  Cross-validation  statistics  oi  the  U.S.  Air  Force  submaximal  cycle 
ergometer  (SCE)  test  by  Power  Output!  (low  to  high  vs  high  to  low)  con^red  to 
treadmill  VOi _  (TKT)  using  phase  II  (nalll)  subjects. 


Groups 

Low  (L)  to  High  (H)  Power  Output!  High  to  Low  Power  Output! 
(ns30)  (ns81) 


SCE 

(L) 

1  SCE  2 
(L) 

SCE  3 
(H) 

SCE  4 
(H) 

SCE  1 
(H) 

SCE  2 
(H) 

SCE  3 
(L) 

SCE4 

(L) 

Mean  ±  SD,  TOT! 

43.3 

♦14.7 

43.3 

+14.7 

43.3 

+.14.7 

43.3 

+14.7 

39.7 

il3.5 

39.7 

+13.5 

39.7 

+.13.5 

39.7 

il3.5 

Mean  ±  SD!,  SCE 

45.4 

+.13.8 

46.6 

♦13.2 

42.7 

+14.9 

44.5 

+15.4 

41.9 

+15.4 

42.5 

+16.4 

45.8 
^16. 4 

44.9 

+16.2 

Mean  Difference! 

2.1 

3.3* 

-0.6 

1.2 

2.1* 

2.8’ 

6.0* 

5.1’ 

Final  HR$ 

132.8 

132.5 

151.2 

147.5 

140.6 

139.5 

123.1 

123.9 

Final  power 
output 

2.6 

2.6 

3.1 

3.1 

2.7 

2.7 

2.2 

2.2 

r 

0.86 

0.84 

0.91 

0.89 

0.91 

0.89 

0.84 

0.84 

SEE! 

7.5 

8.0 

6.1 

6.7 

5.6 

6.2 

7.3 

7.3 

1  SEE 

17.3 

18.5 

14.1 

15.5 

14.1 

15.6 

18.4 

18.4 

E! 

7.8 

8.5 

6.3 

7.1 

6.8 

7.9 

10.7 

10.2 

P  <  0.05  £rom  TOT. 

!  low  to  high  power  output  a  lower  power  output  at  SCE  1  &  2  vs  higher  power 
output  at  SCE  3  (i  4; 

high  to  low  power  output  s  higher  power  output  at  SCE  1  &  2  vs  lower  power 
output  at  SCE  3  &  4 

!  ml‘kg‘'‘mln*‘ 

$  HR  a  heart  rate,  beats/mln 
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USAF  subnaxlnal  cycle  ergoiseter  test  conpared  to  the  imCA  test 

•Hie  purpose  of  phase  III  of  the  project  was  to  compare  the 
estimation  of  VOt>,.v  determined  by  the  USAF  SCE  test  and  the  YMCA 
SCE  test.  Table  12  shows  the  mean  +.  SD  and  range  for  all  tests 
and  Table  13  shows  the  cross-validation  statistics  for  the  YMCA 
SCE  test  and  USAF  baseline  and  SCE  1  tests  compared  to  the 
treadmill  results.  The  results  show  that  for  males  the 

YMCA  test  is  not  as  accurate  as  the  baseline  or  SCE  1  tests  to 
estimate  VO,.., .  In  contrast,  for  females,  the  YMCA  test 
estimated  VO,...  equally  as  well  if  not  slightly  better  than  the 
baseline  and  SCE  1  tests.  Although  the  estimation  of  VO,...  for 
females  was  not  statistically  different  (p  ^  0.05)  among  the 
three  SCE  tests  shown  in  Table  13,  the  YMCA  test  had  the  highest 
r,  lowest  SEE  and  the  mean  VO?...  was  closest  to  the  treadmill 
It  is  interesting  to  note  that,  in  particular  for 
females,  the  estimated  VO,.^.  from  the  SCE  tests  continued  to 
increase  over  time  until  the  final  YMCA  test  (7th  and  last  cycle 
test  in  protocol)  where  it  decreased  5.4  ml-kg  '^min*'  (Table  12). 
It  is  probable  that  if  the  YMCA  SCE  test  would  have  been 
administered  first,  its  estimated  Vo,....  would  have  been 
significantly  lower  than  treadmill  VOjaM.  Even  so,  our  study  was 
not  designed  to  answer  that  question. 

Effects  of  age  and  fitness  on  the  USAF  SCB  test 

The  sample  was  dichotomized  by  age,  aerobic  fitness 
category,  and  whether  a  subject  was  a  cyclist  or  non-cyclist  in 
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Table  12 .  Maximum  aerobic  capacity  (mean  +,  SD  and  range)  for  the 
U.S.  Air  Force  submaximal  cycle  ergometer  (SCE)  test  using  phase 
III  (n=102)  subjects.* 


Maximum  aerobic  capacity  (ml-kg‘“*min‘*) 

males  (n^ss) 

females 

(n=47) 

test 

j 

mean  +,  SD 

range 

mean  +.  SD 

range 

TMT* 

48,3+12.6 

28.7  -  83.2 

1 

33.0  +  10.0 

16.9  -  67.7 

Cycle* 

42.4  +  11.6 

23.4  -  69.7 

28.9  +  9.1 

12.0  -  54.2 

max 

Base* 

46.9  +  14.3 

22.0  -  87.5 

34.2  ±  11.3 

16.1  ~  72.9 

SCE  1 

49.1  +  15.3 

22.9  -  97.6 

35.9  ±  11.4 

18.1  -  75.8 

SCE  2 

49.8  +  16.4 

20.8  -  110.6 

37.2  ±  12.1 

17.9  -  81.4 

SCE  3 

50.7  i:  16.1 

1  1 

23.5  -  104.8 

38.2  +  13.2 

15.9  -  78.1 

SCE  4 

50.9  +  16.2 

! 

20.5  -  107.3 

38.3  ±  13.1 

18.5  -  81.2 

YMCA* 

51.9  X  19.6 

27.4  -  135.0 

32.8  +  8.3 

18.5  -  64.7 

*  Phase  III  includes  subjects  who  completed  phase  I  and  II  of  the 
project  plus  the  YMCA  SCS  test. 

'  TMT  a  maximal  treadmill  test  to  determine  Cycle  max  = 

maximal  cycle  test  to  determine  Base  =  baseline  SCE  test, 

YMCA  =  YMCA  SCE. 


Table  13.  Cross-validation  statistics  of  the  U.S.  Air  Force 
submaximal  cycle  ergometer  (SCE)  test  using  phase  III  {n=102) 
subjects. 
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1 

Baseline 

SCE  1 

YMCA 

Males  (n=55) : 

Mean  Difference 

-1.4 

0.9 

3.6* 

r 

0.86 

0.87 

0.63 

SEE 

6.4 

6.2 

9.8 

%  SEE 

13.3% 

12.8% 

30.3% 

E 

7.4 

7.6 

15.5 

1.2 

ft 

2.9* 

-0.3 

r 

0.82 

0.86 

0.90 

SEE 

5.7 

5.1 

4.4 

%  SEE 

17.3% 

15.5% 

13.3% 

E 

6.5 

6.5 

4.3 

it 


p  <,  0.05  from  treadmill 
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order  to  evaluate  potential  confounding  factors  that  may  have 
affected  ^e  accuracy  of  the  SCE  test  to  estimate  VO,,., ♦  Table 
14  shows  the  results  for  phase  I  subjects  who  were  divided  into 
those  40  yr  of  age  and  older  and  to  those  39  yr  of  age  and  under. 
Table  15  shows  the  cross-validation  statistics  for  the  results 
from  Table  14. 

As  expected,  the  younger  subjects  had  a  significantly  higher 
Vo,,.,  than  the  older  ones.  For  males,  the  values  for  the  mean,  r 
and  SEE  remained  similar  among  SCE  tests  and  between  age  groups. 
The  slightly  lower  r  for  the  older  subjects  was  probably  due  to 
the  sample  becoming  more  homogeneous  when  the  groups  were 
dichotomized.  Correlations  can  be  greatly  affected  by  the  range 
or  the  spread  of  the  data,  thus  the  SEE  becomes  an  important 
factor  in  interpreting  the  accuracy  of  a  test  (3).  If  anything, 
the  SEES  were  lower  with  the  older  group.  For  females,  the  mean 
VOj^  was  generally  overestimating  true  and  continued  to 

increase  across  tests,  but  the  values  of  r  and  SEE  remained 
constant.  In  this  case,  the  total  error  (E)  reflected  a 
consistent  syst^atic  overestimation  of  VO?,.^ .  The  estimation  of 

from  the  SCE  test  is  less  accurate  with  the  older  women 

a 

(note  lower  r  and  higher  relative  SEE  Table  IS) . 

The  means,  SOs,  and  ranges  of  the  maximal  treadmill  and  SCE 
tests  for  subjects  in  USAF  fitness  categories  1,  2,  3  (low-fit) 
and  4,  5,  6  (high-fit)  are  shown  in  Table  16.  The  cross- 
validation  statistics  for  the  same  information  are  shown  in  Table 
17.  The  results  for  the  male  subjects  show  that  the  estimation 
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of  by  the  SCE  test  is  accurate  and  well  within  acceptable 

standards  of  validity  for  the  high-fit  group,  but  is  less  than 
desirable  for  the  low-fit  group.  The  lower  r  values  and  the 
higher  relative  SEE  values  as  well  as  the  significant  under 

estimation  of  _  con?)ared  to  the  treadmill  make  the 

validity  of  the  USAF  SCE  equation  questionable  for  use  in  lower- 
fit  males.  The  5.8  ml*kg**ha»i,n'^  underestimation  of  true  VO,...  of 
subjects  in  fitness  categories  1,  2,  3  would  cause  a  significant 
number  of  miss-classifications  of  subjects  in  the  negative 
direction.  That  is,  many  male  personnel  would  fail  the  test  when 
in  fact  they  would  be  qualified. 

In  contrast  to  the  males,  the  results  for  the  female 
subjects  show  that  the  estimation  of  VO,...  by  the  SCE  test  is 
reasonably  accurate  and  acceptable  for  uje  with  the  low-fit 
group.  The  lower  r  for  the  low-fit  females  is  most  likely  due  to 
the  homogeneity  of  the  sample  after  the  total  sample  was  divided. 
Table  16  shows  the  greatly  reduced  range  of  values  for  this 
subgroup.  The  SEE  remained  constant  compared  to  the  SEE  for  the 
total  sample  of  females  (see  Table  7).  The  results  for  the  high- 
fit  females  remained  highly  accurate  (r  and  SEE)  but  showed  a 
large  constant  systematic  overestimation  of  Vo,...  compared  to 
treadmill  VO,„..  Thus,  it  is  the  higher-fit  females  that  are 
causing  the  systematic  error  (overestimation  of  VO,...)  in  the 
total  female  group  (compare  Table  16  with  Table  7) . 

The  results,  for  the  USAF  SCE  test  when  groups  were 
dichotomized  by  whether  they  trained  by  cycling  or  not  are  shown 
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Table  14.  Maximviin  aerobic  capacity  (mean  SD  and  range)  for  the 
U.S.  Air  Force  suimvaximal  cycle  ergometer  (SCE)  test  by  age 
category  using  phase  I  (n=134)  subjects. 


I  Males  (ns67) 


Younger  Adults 
(Age  i  39yrs) 

(n=35) 

Older  Adults 
(Age  >  40yrs) 

(n=32) 

test 

mean  -»■  SO 
ml-kg''5dn'' 

range 

mean  -f  SD  range 

ml'kg'^^Doin'' 

53.2  +  14.0 

26.1  -* 

83.2 

42.4  ♦  8.6  31.3  - 

67.7 

Base^ 

51.4  ±  15.8 

22.8  - 

87.5 

39.8  ♦  9.0  22.0  - 

54.4 

SCE  1 

54.1  +  16-9 

24.8  - 

97.6 

41.9  +  9.3  22.9  - 

59.3 

SCE  2 

54.9  ♦  18.1 

23,6  - 

110.6 

41.8  +  9.7  20.8  - 

62.0 

Females  (ns 

67) 

Younger 
(Age  £ 

Adults 

39yrs) 

(n=33) 

Older  Adults 
(Age  2:  40yrs) 

(na34) 

test 

mean  ♦  SO 
mlkg'^n'' 

range 

mean  +  SD  range 

ml'kg'Wn'* 

•mT* 

1 

38.5  ±  10.6 

21.2  - 

67.7 

28.1  ±  6.3  16.9 

-  40.5 

Base^ 

40.5  12.9 

21.0  - 

72  9 

30.6  i:  8.2  16.1 

-  48.1 

SCE  1 

42.5  ±  14.3 

21.5  - 

77.3 

31.8  ±  7.6  18.1 

-  45.7 

SCE  2 

43.8  +  14.4 

22.4  - 

81.4 

32.4  ±  7.5  17.9 

-  49.0 

'  TMT  =  maximal  treadmill  test  to  determine  Vo,... , 
SCE  test. 


Base  =  baseline 
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Table  15.  Cross-validation  statistics  of  the  U.S.  Air  Force  suboaxiBial  cycle 
ergoGWter  (SCE)  test  by  Age  Category  using  phase  I  (nsl34)  subjects. 


— 

Males  (n=67} 

! 

Younger  Adults 
(Age  <  39yrs) 

{n=35) 

Oidi«r  Adults 
(Age  >  40yrs) 

(n332) 

Base^ 

SCE  1 

SCE  2 

Base 

SCE  1 

SCE  2 

Mean  Difference 

-1.8 

0.9 

1.7 

-2.7* •• 

-0.6 

-0.7 

r 

0.83 

0,86 

0.83 

0.78 

0.77 

0.79 

SSE,  •• 

7.8 

7.1 

7.8 

5.4 

5.5 

5.3 

%  SEE 

14.7% 

13.3% 

14.7% 

12.7% 

13.0% 

12.5% 

E,  •• 

9.0 

8.7 

10. 1 

6.4 

6.0 

5.9 

Peaaales  (na87} 

Ycunger  Adults 
(Age  i  39yrs) 

(ns33) 

Older  Adults 
(Age  ^  40yra) 

(n=34} 

Base 

SCE  1 

SCE  2 

Base 

SCE  1 

SC  E  2 

Mean  Differenc* 

2.0 

4.0* 

5.4* 

2.5* 

3.7* 

4.2* 

r 

0.88 

0.89 

0.89 

0.62 

0.70 

0.57 

SEE,  •• 

5.0 

4.8 

4.6 

4.9 

4.5 

5.2 

%  SEE 

13.0% 

12.5% 

12.5% 

17.4% 

16.0% 

16.5% 

s.  •• 

6.4 

7.9 

8.7 

6.9 

6.5 

7.6 

•  p  £  0.05  from  treadto.il’.  VOw 
'  Base  a  baseline  SC£  test 

••  Bilkg-*»ln‘* 


Table  16.  Maximum  aerobic  capacity  (mean  ±  SD  and  range)  for  tlie 
U.S.  Air  Force  submaximal  cycle  ergometer  (SCE)  test  by  fitness 
category  using  phase  I  (n=:134)  subjects. 


Males  (ns 

Low-fit'  (n=19) 

(Fit.  Cat.  =  1,2,3) 

67) 

High 

(Fit. 

-fit'  (n=48) 

Cat.  =  4,5,6) 

mean  -f  SO 

range 

mean  +  SD 

%-•  '-i 

:nge 

test 

(mlkg‘*^^'min'') 

(mlkg-^^Wn'') 

TMT* 

37.6  +  7.3 

26.1  -  53.2 

52.2  ±  12.2 

31.3  - 

83.2 

Base^ 

31.8  +  4.9 

22.0  -  41.1 

51.4  +  12.7 

33.2  - 

87.5 

SCE  1 

34.2  +  4.6 

22.9  -  39.6 

53.8  ♦  14.1 

30.8  - 

97.6 

SCE  2 

34.1  +  5.5 

20.8  -  42.6 

54.4  +  15.2 

29.8  - 

110.6 

Females  (n®67) 

Low-fit 

(ns30) 

High- 

fit  (n*37) 

(Fit.  Cat.  *  1.2,3) 

(Fit. 

Cat ,  3 

4,5,6) 

[ 

1 

mean  ♦  SO 

range 

mean  ±  SD 

range 

test 

(mlkg'^min') 

(mlkg’^min*') 

IMT 

27.9  ♦  6.2 

16.9  -  42.1 

37.5  ♦  10.6 

17.0 

-  67.7 

Base' 

26.2  *,  5.2 

16.1  -  35.1 

43.0  4  10.2 

2^  A 

-  72.9 

SCE  1 

28.2  X  6.0 

18.1  -  47.0 

44.3  ♦  11.7 

29.4 

-  77.3 

SCE  2 

29.3  ±  6.6 

17.9  -  45.8 

45.1  ±  12.1 

31.3 

CD 

• 

*  TMT  =  maximal  treadmill  test  to  determine  S/0,,., , 

Base  R  baseline  SCE  test. 

Low-fit  s  USAF  fitness  categories  2,  and  3. 

High-fit  =  USAF  VO?....  fitness  categories  4,  5,  and  6. 


I 
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Table  17.  Cross-validation  statistics  of  the  U.S.  Air  Force  (USAF)  suboaxiraal 
cycle  ergometer  (SCE)  test  by  Fitness  Category  using  phase  I  (n=134}  subjects. 


Males  (na67) 

Low-fit*  (nal9) 
(Fit.  Cat.  a  1, 

2,3) 

High-fit*  (n 
(Fit.  Cat.  a 

a43) 

4,5,6) 

Em 

SCE  3 

Base* 

SCE  1 

set  2 

Hean  Difference 

-5.8* 

-.3.4* 

-3.5* 

-o.a 

1.6 

2.2 

r 

0.56 

0.66 

0.6S 

0.81 

0.83 

0.81 

SEE. 

6.8 

5.5 

5.5 

7.2 

6.8 

7.2 

%  SEE 

16.0% 

14.6% 

14.6% 

13.8% 

13.0% 

13.8% 

r 

8.3 

6.3 

6.4 

7.7 

8.0 

9.0 

1  Females  (na67) 

LoW-fit‘  (ns30) 
(Fit,  Cat.  a  1, 

2.3) 

High-fit*  (na37) 

(Fit.  Cat.  a  4,5,6) 

Bass’* 

ECB  1 

SCE  2 

Base* 

SCE  1 

SCE  2 

Kean  Difference 

-1.8 

0.2 

1.4 

5,5* 

6.8* 

7.6* 

r 

0.66 

0.68 

0.67 

0.85 

0.88 

0.85 

SEE,** 

4.7 

4.5 

4.6 

5.6 

5.0 

5.6 

%  SEE 

16.9% 

16.1% 

16.5% 

14.9% 

13.3% 

14.9% 

B.** 

5.0 

4.6 

5.3 

7.9 

8.7 

9.9 

*  p  <  0.05  froNi  treadmill 
•*  ml 

'  Low-fit  R  USAP  fitness  categories  1.  2,  and  3. 

High-fit  a  tiSAP  VO^  fitness  categories  4,  5,  and  6. 

’  Base  a  baseline  SCE  test 
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in  Tables  18  and  19.  The  results  for  males  shows  a  larger  SEE 
for  cyclists,  particularly  on  the  baseline  SCE  test.  Although, 
the  range  of  estimated  VO,..,  was  significantly  greater  on  the 
higher  end,  the  cross-validation  statistics  do  not  reflect  any 
large  systematic  errors.  The  mean,  r,  and  SEE  generally  show 
similar  values  as  shown  in  Table  7,  except  for  the  SEE  for  the 
baseline  and  SCE  1  tests  of  cyclists.  The  underestimate  of 
for  the  non-cyclists  in  the  baseline  SCE  test  appears  to  be  what 
affected  the  total  male  results  (see  Table  7) .  The  small  sample 
of  cyclists  in  the  female  group  makes  it  difficult  to  make 
inferences.  The  cyclists  were  higher-fit  than  the  non-cyclists 
(41.9  vs  32.2  nd  kg'^min*',  respectively),  with  the  r  high,  SEE 
low  and  no  mean  differences  from  the  true  values.  The 

female  non-cyclists  showed  similar  acceptable  accuracy  of 
estimation  of  as  shown  for  the  total  finale  group  in  Table 

7,  except  for  the  consistent  and  systeaiatic  overes  timet  ion  of 
true  for  all  SCE  tests. 

Thus,  when  evaluating  the  influence  of  age,  fitness  level, 
or  whether  one  is  training  on  a  cycle  has  on  the  USAF  SCE  test, 
level  of  fitness  seems  to  have  the  most  significant  effect.  In 
males  of  USAF  fitness  categories  1,  2  and  3  the  SCE  test  showed  a 
significant  underestimatica  of  VOjj^  and  lower  overall  accuracy 
(<  r  and  >  SEE) .  For  females,  the  test  remained  acceptably 
accurate  except  for  the  overestiroation  of  VO,..^  in  the  higher-fit 
group  (categories  4>  5,  end  6) . 
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Table  18.  Maximum  aerobic  capacity  (mean  +.  SD  and  range)  for  the 
U.S.  Air  Force  submaximal  cycle  ergometer  (SCE)  test  by  cyclists 
vs  non-cyclists  using  phase  I  (n=134)  subjects. 


Males  (ns 

67) 

Cyclists 

(n=19) 

Non-cyclists 

(n=48) 

test 

mean  +  SD 
(mlkg‘'^\ain'') 

range 

mean  SD 
(ml’kg'^Wn’') 

range 

55.2  +  15.3 

28.7  -  83.2 

45.2  ±  10.7 

26.1  -  71.0 

Base^ 

54.7  +  16.3 

28.4  -  87.5 

42.3  ±  11.6 

22.0  -  81.7 

SCE  1 

55.6  +  17.2 

31.1  -  97.6 

45.3  ±  13.2 

22.9  -  96,2 

SCE  2 

57.0  ±  16.4 

32.7  -  93.8 

45.3  X  14-8 

20.8  -  110.6 

Females  in&Bl) 

Cyclists 

(n=7) 

Won-cyclists 

(nc60) 

test 

mean  +  SD 
(mi-kg**^min**) 

range 

mean  +  SD 
(ml’kg*^in**-) 

range 

TMT‘ 

41.9  +,  13.5 

31.0  -  67.7 

32.2  ♦  9.2 

16.9  -  54.8 

Base' 

41.5  ^  16.0 

25.3  “  72.9 

34.7  X  11-2 

16.1  -  64.2 

SCE  1 

42.4  i  17.2 

26.2  -  75.8 

36,4  X  11-9 

18.1  -  77.3 

SCE  2 

44,2  +  19.8 

24.6  -  81.4 

37.3  i:  11.7 

17.9  -  66.8 

'  TMT  =  maximal  treadmill  test  to  determine  Base  =  baseline 

SCE  test. 
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I’able  19.  Cross-valldat4on  statistics  of  th*  U.S.  Air  Force  submaxinal  cycle 
ergometer  (SCE)  test  by  cyclists  vs  non>cyclists  using  phase  I  (nsl34] 
subjects. 


Males  (ns67) 

! 

Cyclists 

(n«19) 

Non-cyclists 

(n«48) 

Base^ 

SCE  1 

SCE  2 

Baae^ 

SCE  1 

SCE  2 

Mean  Difference 

-0.5 

0.4 

1.8 

-2.9* 

0.1 

0.1 

r' 

0.85 

0.86 

0.90 

0.80 

0.84 

0.80 

SFE,  *•* 

8.1 

7.8 

6.7 

6.4 

5.8 

6.4 

%  SEE 

14.7% 

14.1% 

12.1% 

14.2% 

12.8% 

14.2% 

E,** 

8.5 

8.6 

7.2 

7.6 

7.1 

8.8 

Pemles  (na67) 

Cyclists 

(n-7) 

Non-cyclists 

(n«60) 

Baae^ 

SCE  1 

SCE  2 

Base' 

SCE  1 

SCE  2 

Mean  Difference 

-0.4 

0.5 

2.2 

2.5* 

4.2* 

5.1* 

r 

0.96 

0.96 

0.97 

0.82 

0.86 

0.83 

SEE,** 

3.8 

3.8 

3.3 

5.3 

4.7 

5,1 

%  SEE 

9.1% 

9.1% 

7.9% 

16.5% 

14.6% 

15.14 

S,  •• 

4.S 

5.3 

7.1 

6.9 

7.4 

8.3 

*  P  <  0«0S  froa  treadmill  Vo^.. 
••  »lkg'*min‘‘ 


'  Base  s  baseline  SCE  teat 
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The  latter  i:as  a  systematic  error  and  thus,  should  be  able  to  be 
accounted  for  in  a  modified  equation. 

Invalid  tests 

Table  20  shows  the  nvimber,  reasons  for,  and  distribution  of 
the  invalid  USAF  baseline  SCE  tests.  The  data  showed  that  of  the 
207  baseline  SCE  tests,  57  (28%)  were  classified  as  invalid.  Of 
the  57  invalid  tests,  38  (67%)  were  outright  failures,  i.e., 
during  the  test  the  subjects  stopped  cycling  because  the  power 
output  was  too  intense  for  them  to  continue  (21%) ,  or  more 
commonly,  the  test  was  stopped  because  the  subject's  heart  rate 
exceeded  the  maximum  allowable  level  -  85%  of  220-age  (79%) .  The 
other  19  invalid  tests  (33%)  occurred  when  the  conputer  logic 
recommendation  to  go  to  the  next  higher  power  output  was 
overridden.  This  was  a  technician's  decision  and  happened  when 
the  heart  rate  was  very  close  to  the  maximum  allowable  level 
and/or  when  the  fatigue  level  was  too  high  just  betori&  a  power 
output  increase  was  scheduled. 

In  general,  when  coaparing  the  group  who  had  invalid  tests 
with  the  svibjects  who  had  valid  tests,  age,  and  aerobic  capacity 
were  similar,  except  for  the  of  males  (40  vs  48  ml  kg  ’hnin'S 

respectively) .  Even  though  there  was  a  significant  difference  in 

of  the  male  subjects  who  had  invalid  tests  conpared  to  the 
ones  who  had  valid  tests,  the  mean  value  for  the  invalid  group 
was  considered  average  compared  to  population  norms.  Also,  more 
females  had  invalid  SCE  tests  than  males  (69  vs  31%, 


Table  20.  Breakdown  of  invalid  tests  for  baseline  U.  S.  Air 
Force  submaximal  cycle  ergometer  (SCE)  tests. 
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number  (%) 


Total  Baseline  SCE  Tests 

total  invalid  baseline  SCE  tests 

outright  failures 

computer  overrides 

invalid  due  to  excessive  heart  rate 

invalid  due  to  excessive  power  output 

invalid  tests  for  males 

invalid  tests  for  females 


207 

57  (28%  of  total) 

38  (67%  of  invalid) 
19  (33%  of  invalid) 
45  (79%  of  invalid) 
12  (21%  of  invalid) 
22  (39%  of  invalid) 
35  (61%  of  invalid) 


Average  Aerobic  Capacity  (VO,...) ;  Subjects  with  an  Invalid  Test* 
males;  40  ml'kg-’hnin'^ 

females;  33  ml*kg**hnin*^ 


Fitness  categories  of  subjects  who  had  an  invalid  baseline  SCE 
(Fitness  category  is  based  on  the  first  SCE  test) : 


Fitness 

Category 

USAF 

no.  of  males 
who  tested 
invalid 

%total 

invalid 

no.  of  females 
who  tested 
invalid 

Itotal 

invalid 

1 

2 

4 

5 

9 

2 

1 

2 

* 

1 

2 

3 

6 

11 

6 

•*  s 

4 

5 

9 

4 

7 

5 

4 

7 

8 

14 

6 

3 

5 

6 

11 

•Aerobic  capacity  is  based  on  the  first  successfully  completed 
SCE  test  to  estimate  VO?...  ♦ 
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respectively) .  Even  so,  it  would  be  difficult  to  predict  ahead 
of  time  who  might  have  an  invalid  test. 

Developaent  of  mem  pradlotion  eguations  -  stepwise  multiple 
regression  analysis 

As  a  result  of  certain  problems  associated  with  the  current 
USAF  SCE  test  prediction  equations  for  estimating  the 

following  analyses  were  conducted. 

Presented  in  Tables  21  and  22  are  the  calculated  regression 
equations,  by  gender,  for  predicting  VOa,„  from;  one,  descriptive 
variables  (age  (yr) ,  height  (cm) ,  total  body  weight  (kg) ,  and 
BHI);  two,  baseline  SCE  test  variables  (final  power  output  (kp) , 
resting  heart  rate  (beats/min) ,  and  the  mean  of  the  final  two 
exercise  heart  rates  (XHR«uu);  »hd  three,  the  squared  and  log 
forms  of  both  types  of  variables.  The  sanple  used  to  perform 
this  regression  analysis  consisted  of  all  subjects  who  completed 
both  the  baseline  SCE  and  the  treadmill  VQj.^  tests  (ne-’156:  76 
females,  80  males) .  Two  equations  emerged  for  the  females  (See 
Table  21) .  The  first  equation  contained  four  variables  (age, 
weight,  final  power  output,  and  RHRumi:  r^=0.76,  t«0,87,  SEB=4.8 
ml*kg  **min**,  %SEBel4.8).  The  SEE  value  for  this  new  equation  is 
lower  than  the  SEE  calculated  from  the  U.S.  Air  Force  equation 
(baseline  SCE  test:  SEE*5.5  ml'kg-'*min*',  %SBE«16.6).  It  is 
important  to  note,  however,  that  the  application  of  a  regression 
equation  derived  from  one  sample  (validati'  ^nd  applied  to 
another  sample  froto  a  different  study  (cross-validation)  produces 


Table  21.  Ragraasion  aquations  Cor  pradicting  saxissal  aarobic  capacity  of  adult  woman  from  basalina 
sulanaxiaial  eye  la  argeaMtar  tase. 


*  vrr  *  total  bo<^  weight  in  kg;  HT  ■  height  in  cm;  EMI  ■  body  mass  index;  SRR  final  ^  mean  of  the  final 
exercising  heart  rates;  PF  *  percent  fat;  FFM  »  fat -free  mass  in  kg;  ML  «  workload  or  power  output. 


Table  22.  Ragraaeion  aquatiema  Cor  pra4ictixig  atajclauil  aerobic  capacity  of  adult  maa  froa  baaalina 
aubmaxixeal  cycle  arijomatar  teat. 

Malaa  (n»80-}  ~  ' 
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bias  estimates  (4) .  Tliat  is,  during  cross-validation  the  r  is 
always  a  little  lower  and  SEE  larger  compared  to  the  calculations 
derived  from  the  original  sample.  Therefore  these  equations  may 
in  fact  have  similar  accuracy  as  the  current  USAF  equations.  The 
second  equation  also  consisted  of  four  variables  (age,  weight, 
(final  power  output)®,  and  (XHR,j^)*).  The  inclusion  of  the 
squared  forms  of  the  variables  slightly  improved  prediction 
accuracy  (r^sO.Ta,  r-0.88,  SEE5=4.6  inl*kg*'hnin'’,  %SEEal4.2).  For 
the  males,  only  one  five-variable  equation  emerged 
(variablessage,  height,  BMI,  final  power  output,  and  RHRa»ii 
r®a0.79,  raO.89,  SEB=5.7  mlkg*hnin'*,  %SBB=12.0  (See  Table  22)). 

In  an  attempt  to  improve  the  prediction  accuracy,  another 
regression  model  was  calculated  which  included  percent  fat  (PF) 
and  fat -free  mass  (FFM)  in  addition  to  the  above-mentioned 
variables.  Also,  the  log-transformation  values  of  the  variables 
were  added  to  the  above  model.  Since  not  all  subjects  performed 
body  composition  analysis,  the  sanple  for  this  model  was  smaller 
(n55ll2;  52  females  and  60  males).  Several  equations  for  both 
males  and  females  were  generated  from  this  model  (See  Table  21 
for  females  and  Table  22  for  males).  The  "best*  (i.e.,  greater 
r®  and  r,  lower  SEE  and  %SEE)  three-variable  model  for  females 
contained  (final  power  output)®,  the  log  of  age.  and  the  log  of 
weight  (r®a0.79,  r=0.89,  SEB=4.9.  %SBE=14.5).  The  'best* 
four-variable  mcxlel  yielded  a  lower  SEE  and  %SEE  (variables=age, 
(final  power  output)®,  ()lHR,i.^j)®,  and  the  log  of  weight;  r®=0.82, 
r=0.91.  SEE=4.6,  %SEE=13.6). 
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Six  and  seven  variable  models  also  emerged.  As  long  as  a 
variable  adds  to  the  prediction  in  a  significant  independent 
fashion,  the  more  variables  contained  in  a  model,  the  better  the 
predictive  accuracy.  However,  it  is  important  to  note  that  when 
performing  regression  analysis  on  a  given  sample,  the  subject  to 
variable  ratio  must  be  considered.  There  must  be  at  least  three 
subji^cts  per  variable  in  the  model,  and  20  or  more  subjects  per 
variable  is  ideal  (5).  The  six-variable  model  contained  the 
following  variables:  age,  (final  power  output)*,  (XHRn,^,)*,  (PF)*, 
the  log  of  weight,  and  the  log  of  PF  (r*=0.84,  r=0.92,  SEE-4.3, 
%SEB=12.7).  The  seven-variable  model  further  decreased  the  SEE 
and  %SEE  (variablesssage,  Rhr„„,,  PF,  (final  power  output)*,  the 
log  of  weight,  the  log  of  and  the  log  of  PF;  r*sO.06, 

reO.93,  SEE=4,0,  %SEEall.8), 

The  •best"  three-variable  model  for  the  males  contained  age, 
weight,  and  the  log  of  the  final  power  output  (r*=0.80,  r=0.89, 
SEB=5.8,  %SEEs2l2.1).  See  Table  21.  The  -best"  four-variable 
model  yielded  a  lower  SEE  and  %SEE  ( variables =age,  final  power 
output.  PF,  and  (FFM)*;  r*e0.84,  r=0,92,  SEE=S.2.  %SEE=10,8). 

There  were  not  any  six-variable  models  for  the  man,  however,  a 
seven-variable  model  did  eioerge  {variables=  age,  BMI,  final  power 
output,  PF,  (EMI)*,  (FFM)»,  and  the  log  of  BMI;  r*=0.87,  r=0.93, 
SEE=4.7,  %SEE=9.8). 

It  is  apparent  from  the  new  prediction  equation  models  that 
the  inclusion  of  percent  fat  and  fat  free  mass  (males  only)  and 
using  the  variables  squared  or  a  lor*  transformation  added 
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significantly  to  the  estimation  of  true  VOj^.  Hiis  has  been 
true  in  other  studies  where  estimation  models  have  been  used. 

For  example,  when  Jackson  and  Pollock  (4)  derived  prediction 
equations  for  estimating  body  density  (percent  fat)  they  found 
that  the  log  and  quadratic  form  of  the  independent  variable (s) 
added  significantly  to  the  estimation  of  percent  fat.  From  a 
statistical  standpoint,  variables  such  as  VOj^,  heart  rate, 
power  output  and  body  con^osition  can  be  highly  related  in  a 
stepwise  fashion  (low  to  high  intensity),  but  not  at  the  same 
constant  rate  throughout  the  range  of  estimation.  ‘I'herefore,  it 
is  entirely  probable  that  the  new  equations  that  include  PF  and 
FFM,  as  well  as  the  log  or  squared  variable  models  will  improve 
the  estimation  of  and  in  particular,  low-fit  males  and 

high-fit  females.  Only  further  cross-validation  will  confirm 
this  issue. 


Seiuiitivity  and  spacifioity  of  tbs  SCB  Test 

The  terms  sensitivity  and  specificity,  in  this  case,  were 
used  to  determine  how  valid  the  baseline  SCE  test  was  in 
differentiating  between  a  person  who  fails  the  SCE  test  (Fit. 
Cat.  <  3)  versus  one  who  passes  (Fit.  Cat.  S3),  Sensitivity 
refers  to  the  percentage  of  low-fit  subjects  (Fit.  Cat.  <  3 
according  to  the  treadmill  test  (IMT))  who  failed  the  SCE 

test.  Sensitivity  was  calculated  as  follows: 

Sensitivity  =  TP  X  100 


TP  ♦  FM 
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where  TP  =  true  positive  (those  who  failed  according  to  both  the 
SCE  test  and  1MT)  and  FN  =  falsa  negative  (those  who  passed  by 
definition  of  the  SCE  test  but  failed  according  to  the  IMT) . 

Using  phase  I  (n=134)  subjects,  the  sensitivity  of  the  baseline 
SCE  test  was  75%  (TP  =  15,  FN  =  5;  see  Table  23) . 

Specificity  refers  to  the  percentage  of  subjects  who  are  fit 
(Fit.  Cat.  2:  3  according  to  the  IKT)  who  passed  according  to  the 
SCE  test.  Specificity  was  computed  as  follows: 

Specificity  =  TN  X  100 
FP  +  TO 

where  TO  *  true  negative  (those  who  passed  by  both  the  SCE  test 
and  TMT)  and  FP  s  false  positive  (those  who  failed  according  to 
the  SCE  test  but  passed  by  definition  of  the  TMT) .  Specificity 
of  the  baseline  SCE  test  was  96%  (TO  s  109,  FP  =  5) ;  see  Table 
23)  . 

As  far  as  the  USAF  is  concerned,  the  worst  situation  would 

* 

be  to  fail  a  subject  (Fit.  cat.  <  3)  when  in  fact  his  or  her  true 
VOj^  is  above  the  acceptable  standard.  Only  5  of  134  (3.7%) 
sxibjects  in  this  study  fell  into  this  cell,  but  if  extrapolated 
over  the  USAF  population,  this  could  be  a  significant  number  (sea 
Table  23,  false  positives) .  It  appears  from  the  results  of 
ourcross -validation  study,  that  the  subgroup  that  would  beat  the 
greatest  risk  of  becoming  a  false  positive  based  on  the  current 
SCE  test  would  be  the  male  subjects  in  fitness  category  3  (refer 
to  Table  17) 


lUl 


References 

1.  Pollock,  M.L.  &  Wilmore,  J.H.  Exercise  in  Health  and 
Disease  2nd  edition.  Philadelphia:  W.B,  Saunders  Co., 

1990. 

2.  'The  Y's  Way  to  Physical  Fitness  3rd  edition.  CliaDnpaign,  IL, 
Hiunan  Kinetics  Publishers,  1989. 

3.  Cohen,  L.  &  Holliday,  M.  Statistics  for  Social  Scientists, 
London:  Harper  &  Row,  1982. 

4.  Jackson,  A.S.,  Pollock,  M.L.,  &  Ward,  A.  Generalized 
equations  for  predicting  body  density  of  women.  Med.  Sci. 
Sports  Bxerc.  12:175-182. 

5.  Kerlinger,  P.M.  &  Pedhazur.  Multiple  Regression  in 
Behavioral  Research.  New  York:  Holt,  Reinhart  and  Winston, 


Inc. 


102 


Sxunm&ry,  Conclusions  and  Reconsnendations 

ffliaama  ry 

Two  hundred  and  seven  subjects  (males,.  n=103;  females, 
nsl04)  between  the  ages  of  18  and  54  years  of  age  volunteered  to 
participate  in  the  U.S.  Air  Force  (USAF)  cross-validation  study 
to  determine  the  accuracy  of  the  USAF  submaocimal  cycle  ergometer 
(SC£)  test.  Of  these  subjects  134  coupleted  phase  I  of  the 
project  by  conpleting  a  baseline  SCE  test,  a  maximal,  treadmill 
test  to  determine  maximum  aerobic  capacity  (VOw.) ,  and  two 
additional  SCE  tests  (SCE  1  and  2} .  Additionally,  113  subjects 
who  ccxnpleted  phase  I  also  completed  the  SCE  3  and  4  tests  and  a 
maximal  cycle  ergometer  test  to  determine  (phase  II) . 

Finally,  102  subjects  completed  both  phases  I  and  XI  of  the 
project  and  completed  a  submaximal  cycle  ergometer  test  developed 
by  the  YMCA  (phase  III) . 

The  USAF  SCE  test  was  cross-validated  with  phase  I  subjects 
who  were  divided  by  gender  (males  na67,  females  n=67) .  The 
analysis  showed  that  the  USAF  SCE  test  is  a  valid  test  for  use 
with  males  and  females  between  19  and  54  yr  of  age.  The  cross- 
validation  statistics  for  males  showed  that  the  baseline  SCE  test 
underpredicted  the  actual  treadmill  liy  2.2  ml  kg  'hnin*',  had 

a  moderately  high  correlation  (raO.85),  and  acceptably  low 
standard  error  of  estimate  (SEE,  6.7  ml 'kg ’'hivin'*,  14.0%).  For 
the  females,  the  baseline  SCE  test  overestimated  the  VO,,.,, 
compared  to  the  treadmill  test  by  2.2  ml  kg*'hnin'‘.  The 
correlation  of  the  SCE  baseline  test  for  females  was  moderately 
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high  (r  =  C.84)  with  a  relatively  low  SEE  (5.5  inl'kg*'’-ndn'^/ 

16.6%).  Coitpa  'ed  to  the  baseline  SCE,  the  SCE  test  1  and  2  showed 
no  further  increase  in  accuracy  for  either  the  males  or  the 
females.  Repeat  testing  (SCE  1  vs.  SCE  2)  showed  the  test  to  be 
highly  repeatable  (reliable) .  The  mean  values  for 
estimates  from  the  SCE  1  and  2  tests  were  similar  to  the 
treadmill  maximum  values  for  male  subjects,  but  continued  to 
overestimate  the  VO^.,  conpared  to  the  treadmill  values  for 
females. 

Further  evaluation  of  the  equations  based  on  age,  fitness 
level,  and  cycling  experience  showed  that  level  of  fitness  was  an 
important  confounding  factor.  Fitness  level  was  defined  as  low- 
fit  which  included  subjects  irom  USAF  fitness  categories  1,  2, 
and  3  (based  on  the  treadmill  maximum  aerobic  capacity  test) . 

The  high-fit  was  selected  fron\  USAF  fitness  categories  4, 

5.  and  6.  For  males,  a  large  significant  underprediction  of 
estimated  from  the  baseline  SCE  test  was  found  compared  to 

the  treadmill  tf*st  (-j.8  ml*kg-'Hain'M  in  low-fit  males.  This 
underprediction  did  not  occur  fcr  the  high-fit  males  or  the  iow- 
fit  females.  In  contrast,  the  estimated  of  the  high-fit 

females  significantly  overestimated  the  baseline  SCE  test  values 
coit^jared  to  the  treadmill  VOj...  (5.5  ml’kg’'hnin‘*) .  Therefore,  the 
baseline  SCE  test  was  cc.isidered  to  correlate  well  and  have  an 
acceptable  low  SEE  compared  to  the  treadmill  determinad 

But  the  data  show  that  the  mean  SfO^ _ values  for  males  were 

significantly  underestimated  by  the  subjects  in  the  USAF  iow-f’t 
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categories  and  overestimated  by  the  female  subjects  in  the  high- 
fit  categories.  Thus,  the  refinement  of  these  equations  would 
make  them  very  acceptable  for  use  with  the  total  U.S.  Air  Force 
population. 

Phase  II  of  the  project  showed  that  the  additional  SCE  3  and 
4  tests,  which  manipulated  the  power  output  on  the  SCE  test 
kp  depending  on  the  subject's  maximal,  treadmill  heart  rate,  did 
not  iuprove  the  reliability  of  the  test.  But  when  subjects  were 
separated  as  to  the  SCE  tests  that  estimated  from  a  lower 

steady  heart  rate  compared  to  a  higher  steady  state  heart  rate, 
differences  in  validity  occurred.  That  is,  subject's 
estimated  from  a  higher  steady  state  heart  rate  resulted  in  a 
higher  r  and  lower  SEE. 

The  maximal  cycle  ergometer  test  to  determine  showed  a 

12  and  13%  underprediction  of  the  treadmill  test  to  determine 

for  males  and  females,  respectively.  It  is  very  clear  from 
the  results  that  the  baseline  SCE  test  was  closely  related  to  the 
treadmill  test  and  not  the  cycle  ergometer  test. 

Phase  III  of  this  cross-validation  study  included  a 
comparison  of  the  YMCA  test  and  the  USAP  SCE  test  for  estimating 
For  the  males,  the  YMCA  test  overpredicted  the 
compared  to  the  treadmill  test  and  the  r  and  SEE  were  not 
satisfactory  (r  a  0.63,  SEE  =  9.8  ml  kg  'hnin**,  20.3%).  In 
contrast,  for  females,  the  YMCA  test  was  equally  as  good  (or 
slightly  better)  as  the  baseline  SCE  test  in  estimating  VOy... . 

An  important  issue  concerning  the  USAF  SCE  test  is  the  large 
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niunber  of  invalid  tests  that  occur  on  initial  testing,  that  is 
the  baseline  SCE  test.  The  data  show  that  of  the  207  SCE  tests 
administered  for  this  project,  57(28%)  were  classified  as  invalid 
using  the  USAF  software.  Most  of  the  invalid  tests  (79%)  were 
due  to  the  subject's  heart  rate  exceeding  that  which  is 
acceptable  for  the  computer  logic  design  to  accurately  calculate 
That  is,  heart  rate  exceeded  the  value  of  85%  of  the 
subject's  maximum  heart  rate  based  on  220  -  age.  The  other 
factor  that  caused  invalid  tests  was  the  computer  algorithm  which 
increased  the  power  output  excessively  so  that  the  subject 
fatigued  and  could  not  complete  the  protocol.  Comparatively,  the 
YMCA  protocol  only  had  two  invalid  tests.  Thus,  the  USAF  test  in 
its  current  form  would  not  be  acceptable  with  such  a  high  failure 
rate.  A  later  discussion  will  give  suggestions  as  to  how  to 
improve  the  invalid  test  rate. 

Because  of  some  of  the  problems  associated  with  the  current 

USAF  SCE  test  prediction  equations  for  estimating  Vo. _ _  a 

stepwise  multiple  regression  analysis  was  completed  to  generate 
new  equations.  In  general,  using  the  same  basic  variables  as  the 
current  USAF  SCE  test,  the  predictions  were  approximately  the 
same  for  both  males  and  females.  The  slightly  higher 
correlations  and  lower  SEEs  found  with  the  newer  equations 
(Tables  21  and  22)  were  probably  biased  because  the  results  were 
derived  from  the  data  of  the  same  population  (current  study) . 

Tliat  is,  a  cross-validation  study  with  another  group  of 
volunteers  would  probably  lower  the  correlation  and  increase  the 
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SEE.  The  equations  that  were  developed  at  Armstrong  laboratozry 
were  cross-validated  with  the  results  of  the  stud^  conducted  at 
the  University  of  Florida. 

When  body  con^osition  variables  were  included  in  the 
regression  model,  such  as  %  body  fat  and  fat  free  mass,  as  well 
as  the  use  of  a  log  or  squared  variable  regression  model,  the 
newly  developed  equations  inqproved  in  accuracy  and  appear  to  be 
superior  to  the  current  equations  used  in  the  USAF  SCE  test. 

This  cannot  be  fully  answered  xuitil  cross-validation  studies  of 
the  newer  equations  are  conducted. 

The  final  aspect  of  the  stuc^  looked  at  sensitivity  and 

specificity  of  the  baseline  SCE  test.  The  test  showed  a 

sensitivity  of  75%  and  a  specificity  of  96%.  ‘rhus,  some  subjects 

were  definitely  mis-classified.  The  most  important  problem  with 

mis-classification  would  be  a  false  positive  test,  that  is  those 

subjects  who  would  fail  the  USAF  minimum  standard  for  aerobic 

capacity  (fitness  category  1  or  2)  based  on  the  results  of  the 

SCE  test,  but  would  actually  pass  the  test  according  to  the 

measured  treadmill  VQ,..^ .  Five  of  134  persons  tested  (3.7%)  were 

classified  as  false  positives  in  this  study.  Although  this 

» 

number  is  small,  extrapolating  over  the  USAF  population  would 
make  the  problem  significant.  It  is  clear  from  the  results  of 
the  cross-validation  study,  that  the  subjects  who  would  have  the 
largest  risk  of  becoming  a  false  positive  based  on  the  current 
SCE  test,  would  be  male  subjects  in  fitness  category  3. 
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Coxicluslons  and  Recoamandationa 

Based  on  the  findings  of  this  stu(^  the  following 
conclusions  and  recommendations  are  made. 

1)  the  USAF  SCE  test  is  a  valid  test  for  use  with  males  and 
females  between  the  ages  of  19  and  54  yr.  In  the  overall  results 
from  the  baseline  SCE  test,  the  2.2  ml‘kg**4nin'^  underprediction 
of  Vo, _  for  the  males  and  the  2.2  ml‘kg'"hnin'*  overprediction  of 

for  females  would  be  acceptable.  The  problem  lies  in  that 
most  of  this  under  and  overprediction  occurs  in  the  lower-fit 
(USAF  fitness  categories  1,  2,  3}  males,  and  the  overprediction 
in  the  higher-fit  (USAF  fitness  categories  4,  5,  6)  females.  The 
accuracy  of  the  estimation  of  Vo?,..  is  lowered  for  the  males  who 
are  subdivided  into  the  low-fit  category.  As  stated  in  the 
results  section,  the  underpredicition  and  overprediction  of  VO;,,.. 
will  cause  many  subjects  to  be  mis-classified  as  to  their  actual 
level  of  fitness.  This  becomes  a  particular  problem  for  the 
category  3  males,  who  in  fact,  could  pass  the  USAF  fitness 
standard  (USAF  category  3  and  above)  from  the  maximal  treadmill 
test  and  because  of  the  5.5  ml'kg-’Hnin'*  underprediction  of  VO,... 
from  the  SCE  test,  may  fail  the  test  (false  positive).  The 
overprediction  of  someone  in  a  higher  classification  is  less 
problematic . 

It  is  recommended  that  the  USAF  modify  their  current 
equation  or  develop  a  new  one  that  would  more  accurately  estimate 
VOjau  for  males  in  fitness  categories  1,  2,  and  3.  Secondly,  the 
current  equation  should  be  modified  to  accooinodate  the 
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overprediction  of  for  females.  It  is  recommended  that  the 

USAF  evaluate  the  newly  developed  SCE  prediction  equations  (see 
Tables  21-22)  to  estimate  From  this  preliminary  analysis 

it  appears  that  the  addition  of  %  fat  and  fat  free  mass  as 
variables,  including  a  log  or  squared  variable  model,  may  enhance 
the  accuracy  of  estimating  Importantly,  the  use  of 

squared  variable  or  log  terms  in  the  regression  analysis  model, 
suggests  that  the  variables  used  to  estimate  Va>-..  are  not  a 
linear  function.  Thus,  the  addition  of  these  new  factors  (FFM,  % 
body  fat)  may  minimize  the  underprediction  with  lower-fit  males 
and  overprediction  of  females.  Adequate  fine  tuning  of  these  new 
SCE  test  equations  would  require  some  additional  cross-validation 
studies  with  specific  subgroups  of  subjects. 

2)  It  is  concluded  that  the  USAF  SCE  test  results  reflect 

the  determined  from  a  maximal  treadmill  test  (mean  value) 

and  not  from  a  maximal  cycle  ergometer  test. 

3)  It  is  concluded  that  the  manipulation  of  the  power 
output  +  0.5  )cp  (from  the  algorithm  derived  power  output)  when 
the  subjects  steady  state  heart  rate  during  the  test  is  at  the 
low  end  of  the  acceptable  range,  does  improve  the  estimation  of 
VOjms.  Thus,  appropriate  adjustments  in  the  power  output  (*0.5 
)q>)  are  recommended  to  improve  the  accuracy  of  the  test  for 
subjects  who  are  required  an  additional  trial. 

4)  The  YMCA  SCE  test  did  not  estimate  Vo,...  as  well  as  the 
USAF  SCE  test  for  males,  but  showed  as  favorable  a  result  as 
compared  to  the  USAF  SCE  test  for  females.  These  findings  would 


109 


not  justify  incorporating  the  YMCA  test  as  the  new  USAF  SCE  test. 

5)  The  current  algorithm  for  the  USAF  SCE  test  resulted  in 
too  many  invalid  baseline  tests.  Thus,  in  its  current  form,  the 
SCE  test  would  not  be  recommended  for  wide  use  in  the  USAF 
population.  The  high  failure  rate  would  not  be  cost  effective, 
and  would  be  discouraging  for  personnel  taking  the  test  and  the 
test  administrators.  Based  on  the  comments  concerning  the 
invalid  tests,  the  following  recommendations  should  be 
considered.  A  three  minute  initial  warm-up  stage,  such  as  the 
one  used  by  the  YMCA  test,  should  be  evaluated.  The  subject's 
heart  rate  response  to  the  first  three  minute  stage  is  dependant 
upon  his  or  her  level  of  fitness.  The  less  fit  the  subject,  the 
greater  his/her  heart  rate  response  would  be,  thus  prompting  the 
selection  of  a  series  of  lower  power  outputs.  The  initial  3 
minute  adjustment  period  of  the  USAF  SCE  test  is  intended  to 
serve  this  purpose.  The  problem  with  the  USAF  SCE  test  protocol 
is  that  the  first  power  output  progression  decision  is  made  after 
only  45  seconds  of  exercise  and  the  second  after  1:50  minutes  of 
exercise.  This  is  not  enough  time  for  a  sufficient  fitness  level 
based  heart  rate  response  to  occur.  For  example,  an  unfit 
subject  may  fatigue  rapidly  after  2  minutes  of  exercise, 
experiencing  a  much  greater  heart  rate  increase  at  a  given  power 
output  than  was  predicted  from  the  heart  rate  response  over  the 
first  1:50  xninutes  of  exercise,  thus,  the  algorithm  "needs  more 
time^  to  make  the  proper  adjustments  so  that  the  subject's  heart 
rate  and  power  output  is  set  at  the  appropriate  level. 
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Another  factor  in  the  USAF  test  algorithm  that  should  be 
evaluated  is  the  heart  rate  difference  allowed  {+.  3  beats/min) 
between  the  last  heart  rate's  obtained  during  the  10  seconds  of 
the  two  minutes  of  the  final  exercise  stage.  The  YMCA  test 
allows  for  a  heart  rate  difference  of  +.  5  beats/min  during  the 
last  10  seconds  of  the  final  two  minutes  of  the  stage.  Thus,  the 
YMCA  SCE  test  has  a  40%  larger  heart  rate  window  to  accept  the 
test  as  valid.  Increasing  the  heart  rate  range  should  not  affect 
the  accuracy  of  the  test  and  may  avoid  some  invalid  tests.  In 
our  series,  six  invalid  tests  would  have  been  accepted. 
Additionally,  the  YMCA  test  protocol  allows  a  test  to  continue 
indefinitely  at  a  given  power  output.  This  allows  time  for  the 
subject  to  reach  a  steady  state  and  reduces  the  chances  of  having 
to  repeat  a  test. 

Knowing  the  subject's  level  of  fitness  prior  to  testing  is 
an  important  aspect  of  the  current  USAF  SCE  test  algorithm.  The 
initial  power  output  is  selected  based  on  age,  gender,  weight  and 
activity  level  of  the  subject.  The  Unit  Fitness  Monitor 
Instructor  Manual  for  Cycle  Ergometry  states  that,  to  be 
considered  active,  an  individual  should  play  sports  vigorously  at 
least  20  minutes,  3  times  per  week.  On  the  other  hand,  the  USAF 
SCE  software  considers  a  subject  active  if  he  or  she  exercises 
vigorously  at  least  2  times  per  week.  The  former  exercise 
standards  are  supported  by  both  the  American  College  of  Sports 
Medicine  and  the  American  Heart  Association.  Both  groups 
recommend  a  minimum  of  3  days  a  week,  20-30  minutes  of  moderate 
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to  vigorous  exercise  to  attain  optimal  aerobic  training  benefits. 
Therefore,  it  is  suggested  that  the  USAF  algorithm  be  modified  to 
reflect  these  criteria. 

Finally,  the  reliability  of  the  heart  rate  monitors  should 
be  considered.  Any  malfxinctions  or  other  types  of  problems  with 
heart  rate  transmitter  placement,  etc.  will  cause  tester  and 
subject  inconvenience  and  invalid  tests.  The  Polar  CIC  models 
that  were  used  in  this  project  were,  for  the  most  part,  accurate. 
We  compared  its  accuracy  with  a  direct  lead  hook-up  to  an 
exercise  electrocardiogram  machine.  The  Polar  unit  did 
remarkably  well  when  installed  correctly.  However,  there  are 
some  potential  problems.  A)  On  female  subjects,  the  bottom  of 
the  brassiere  generally  lies  exactly  where  the  polar  chest  strap 
should  be  placed.  This  often  presented  an  installation  problem 
which  resulted  in  poor  signal  conduction.  B)  The  polar  elastic 
straps  also  lost  elasticity  quickly.  Sometimes  physical  changes 
could  be  seen  in  the  strap  in  under  10  uses.  C)  Additionally, 
the  chest  strap  transmitter,  with  the  watch  receiver,  seems  to 
have  a  range  of  only  about  1  meter  and  is  subject  to  transmission 
interference  by  objects  such  as  the  cycle  ergometer  handle  bars. 

a 

This  often  required  moving  the  receiver  to  different  locations  on 
the  Honark  cycle  ergometer,  while  the  test  was  actually  being 
conducted.  These  problems  seem  to  be  worse  with  the  Polar  Favor 
model.  The  problems  associated  with  any  heart  rate  monitor  would 
be  problematic  to  technicians  in  the  USAF  who  are  conducting  the 
test.  Obviously  the  more  error  free  the  system,  the  greater  the 
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success . 

6)  It  is  recommended  that  once  the  USAF  SCE  test  cross- 
validation  study  report  is  evaluated^  a  summit  conference  be  held 
among  the  appropriate  individuals.  The  purpose  of  this  meeting 
would  be  to  further  evaluate  the  final  report  of  this  project  and 
to  determine  what  is  the  next  step. 

Ihe  investigators  feel  that  the  USAF  SCE  test  is  a  valid 
tool  for  estimating  aerobic  capacity  of  Air  Force  personnel. 

With  some  modifications,  the  teat  could  be  more  applicable  for 
both  males  and  females  and  personnel  of  varied  levels  of  fitness. 
Other  technical  considerations,  such  as  avoiding  invalid  tests, 
and  training  the  technicians  to  administer  the  test  properly, 
will  enhance  its  accuracy  and  coat  effectiveness. 


Appendix  A: 

24>Hour  BealUi  Bietory  and  Activity  CMestionnaira. 
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University  of  Florida 
Center  for  Exercise  Science 
Rm  27,  Florida  Gym 
Gainesville,  FL  32611 
(904)  392-9575 

USAF  Study  'J93i 

Cross  Validation  o£  Snbff<>;siTnal  Cycle  Ergometry 
Bstifiiates  of  Aerobic  Capacity 
Pre-Evaluation  Questionnaire 

j^aaet  _ _ _ _  Date:  _  Time: 

NO 


1.  Are  you  pregnant? 

2.  Do  you  have  any  physical  limitations  that 
would  prevent  you  from  riding  a  stationary 
bike  properly? 

3.  Have  you  been  hospitalized  within  the  past 
5  days? 

4.  Have  you  donated  blood  or  have  you  lost  an 
equivalent  amount  of  blood  from  injury 
within  the  past  15  days? 

5.  Have  you  had  alcohol,  tobacco,  caffeine, 
or  decongestants  in  the  past  12  hours? 

6.  Have  you  performed  any  strenuous  activity 
in  the  past  12  hrs? 

7.  Have  you  eaten  in  the  past  3  hours? 

-  How  long  has  it  been  since  you  last  meal  or 

snack?  _ hrs. 

-  List  the  meal/snaok  last  eaten. _ _ _ 


8.  Have  you  felt  chilled  or  sweaty  for  more  than  5 
of  the  past  20  :  inutes? 

9-  Have  you  recently  been  ill  or  injured? 

10.  Did  you  get  enough  sleep  .'.n  the  past  24  hours? 

-  How  much  sleep  did  you  get  last  night?  _ .hrs. 

-  How  much  sleep  do  you  normally  get?___ _ ^hrs. 

11.  If  you  take  any  medications,  please  list  below. 


12.  What  medications,  including  aspirin,  have  you  taken 

today  ?  _ _ _ _ _ 

13.  Describe  your  general  feelings  by  cb-'-cking  one  of 
the  following. 

_ _  Excellent  Good  _ _ Very  good 

_  Bad  Very  bad 

_ _ Neither  bad  nor  good 

_  Terrible 

Please  sign  and  date  below. 


YES 


Signature 


Date 


Appezidlx  B: 

USAF  Maximia  Allowable  Weight  VS.  Height  Chart 
for  Males  axid  Females 


Weight  Charts  •>  Women  (see  note) 
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HEIGHT  MAXIMOM  ALLOWABLE 

(IN  INCHES)  WEIGHT  (MAW) 


INTERPOLATED  WEIGHT 


•l/4»  *1/2*  '3/4" 


60 

136 

136  1/2 

137 

137  1/2 

61 

138 

138  3/4 

139  1/2 

140  1/4 

62 

141 

141  1/4 

141  1/2 

141  3/4 

63 

142 

143 

144 

145 

64 

146 

147 

148 

149 

65 

150 

151  1/4 

152  1/2 

153  3/4 

66 

155 

156 

157 

158 

67 

159 

160  1/4 

161  1/2 

162  3/4 

68 

164 

165 

166 

167 

69 

168 

169  1/4 

170  1/2 

171  3/4 

70 

173 

174 

175 

176 

71 

177 

178  1/4 

179  1/2 

180  3/4 

72 

18? 

183  1/2 

185 

186  1/2 

73 

188 

189  1/2 

191 

192  1/2 

74 

194 

195  1/4 

196  1/2 

197  3/4 

75 

199 

200  1/2 

202 

203  1/2 

76 

205 

206  1/4 

207  1/2 

208  3/4 

77 

210 

211  1/4 

212  1/2 

213  3/4 

78 

215 

216  1/2 

218 

219  1/2 

79 

221 

222  1/4 

223  1/2 

224  3/4 

80 

226 

227  1/2 

229 

230  1/2 

WEIGHT  CHARTS  -  MEN 

(see  note) 

HEIGHT 

MAXIMUM  ALLOWABLE 

(IN  INCHES) 

WEIGHT  (MAW) 

INTERPOLATED  WEIGHT 

•1/4* 

•1/2* 

•3/4* 

60 

153 

153  1/2 

154 

154  1/2 

61 

ISS 

155  3/4 

156  1/2 

157  1/4 

62 

156 

158  1/2 

159 

159  1/2 

63 

160 

161 

162 

163 

64 

164 

165  1/4 

166  1/2 

167  3/4 

65 

169 

170  1/4 

171  1/2 

172  3/4 

66 

174 

174  1/4 

175  1/2 

176  3/4 

67 

179 

180  1/4 

181  1/2 

182  3/4 

68 

184 

185  1/4 

186  1/2 

187  3/4 

65 

189 

190  1/4 

191  1/2 

192  3/4 

70 

194 

195  1/4 

196  1/2 

197  3/4 

71 

199 

200  1/2 

202 

203  1/2 

72 

205 

206  1/2 

208 

209  1/2 

73 

211 

212  3/4 

214  1/4 

216 

74 

218 

219  1/2 

221 

222  1/2 

75 

224 

225  1/2 

227 

228  1/2 

76 

230 

231  1/2 

233 

234  1/2 

77 

236 

237  1/2 

239 

240  1/2 

78 

242 

243  1/2 

245 

246  1/2 

79 

248 

249  1/2 

251 

252  1/2 

80 

254 

255  1/4 

257  1/2 

258  3/4 

NOTE:  For 

every  inch  under  60  inches,  subtract:  2  pounds  from  the  MAW 

.  For 
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Appendix  Ci 

Iziforaed  Consent  to  Participate  in  Research 


htfomed  Consent  to  ParticipaU  in  Sesearch 
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J.  HOSs  Miller  Health  Center 
University  of  Florida 
Gainesvdtet  Florida  32610 


You  are  being  asked  to  pirtidpUB  in  a  research  study.  This  fsxm  is  designed  to  provide  you  with 
jfffaimatinn  about  this  study  a^  to  answer  any  of  your  questions. 

1.  TITLE  OF  RESEARCH  STUDY 

Cross  Validation  of  Submaximai  Cycle  Ergometry  Estimates  of  Aerobic 
Capacity. 


2.  PRICIPAL  INVEST1GATOR(S) 

Michael  L  Pollock,  Ph.O. 

Co-investigators:  James  Graves,  Ph.O. 

David  Lowenthai,  M.O. 
Linda  Garzarelia,  M.S. 
Oiego  de  Hoyos,  M.S. 
Gaiila  Werber,  M.S. 
Matt  Beekley,  B.S. 

3.  THE  PURPOSE  OF  THE  RESEARCH 


The  purpose  of  this  study  is  to  cross  validate  the  Astrand* 
Rhyming  submaximal  cycle  ergometry  (SCE)  tost  as  modified  by  the 
United  States  Air  Force  (USAF).  The  SCE  is  a  tost  of  a  persons  fitness 
level  and  is  conducted  on  a  stationary  bicycle.  This  experiment  will 
assist  in  creating  USAF  fitness  testing  standards  for  men  and  women 
ages  17  to  54. 


4.  FROCEDURES  FOR  THIS  RESEARCH  119 

This  study  will  last  about  thra©  weeks.  The  testing  will  involve  a 
minimum  of  seven  visits  (about  1  hour  per  visit).  All  testing  will  be 
done  at  the  Center  for  Exercise  Science.  Visit  1  will  be  an 
orientation.  You  will  receive  a  full  explanation  of  the  study,  including 
its  benefits  and  risks.  You  will  also  be  asked  to  complete  an  informed 
consent  form,  a  medical  history  form  and  an  exercise  activity 
questionnaire.  A  submaximal  bicyde  test  (SCE)  will  also  be  conducted. 
This  test,  on  the  stationary  bicycle,  Involves  pedaling  against 
increasing  workloads  for  a  period  of  about  ten  minutes.  You  will  be 
asked  to  wear  a  heart  rate  monitor  which  consists  of  a  wristwatch  and 
an  elastic  strap  worn  just  below  the  chest. 

On  Visit  2,  a  maximal  treadmill  exercise-  test  will  be 
performed.  This  test  involves  walking/jogging  on  a  treadmill  until  you 
are  maxirhally  fatigued.  This  test  will  last  about  10  minutes.  During 
this  test,  your  heart,  blood  pressure,  and  breathing  will  be  monitored. 
You  will  wear  headgear  with  an  attached  mouthpiece  to  monitor  your 
breathing.  You  will  also  wear  electrodes  to  monitor  how  your  heart 
responds  to  exercise.  (Continued  on  page  4.) 

5.  POTENTIAL  RISKS  OR  DISCOMFORTS 

If  you  wish  to  discuss  these  or  any  other  discomforts  you  may  experience,  you  may  call  dte 
Project  Director  listed  in  ifZ  of  this  form. 

Endurance  exercise  testing  is  associated  with  a  small  risk  of 
cardiovascular  complications.  The  risk  for  exercise  testing  is  about 
three  to  four  non-fatal  incidents  (events)  in  10,000  graded  exercise 
tests  (GXTs).  and  one  fatal  event  per  25,000  tests  In  a  hospital 
population.  The  risks  will  be  minimized  in  this  study  as  ail  personnel 
involved  in  testing  are  experienced  in  exercise  testing.  Additionally, 
you  will  be  screened  prior  to  testing,  if  this  screening  reveals 
cardiovascular  disease,  you  will  be  excluded  from  the  study.  Finally,  a 
physician  will  be  present  for  ail  male  subjects  over  the  age  of  40  and 
all  female  subjects  over  the  age  of  50.  Subjects  may  expect  fatigue 
and  breathlessness  accompanying  the  exercise  testing.  Following  the 
testing,  subjects  may  experience  muscle  soreness.  This  is  temporary 
and  normal  and  will  not  interfere  with  normal  dally  activities. 


4.  PROCEDURES  FOR  THIS  RESEARCH  (continued  from  p.  2) 
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During  Visits  3-6  you  will  repeat  the  SCE  test  like  in  visit  1. 
During  one  of  these  visits,  your  body  fat  percentage  and  lung  function 
will  also  be  estimated.  Body  fat  percentage  is  estimated  by  measuring 
the  thickness  of  skinfoids  at  several  sites  on  the  body.  Lung  function 
is  measured  by  breathing  into  a  spirometer  while  wearing  noseciips. 

On  Visit  7  (final  visit),  you  will  perform  another  te^t  to 
maximal  exhaustion  (like  in  visit  2),  except  this  test  will  b^  done  on  a 
stationary  bike  instead  of  the  treadmill.  During  this  test,  your  heart, 
blood  pressure,  and  breathing  will  be  monitored.  You  will  wear 
headgear  with  an  attached  mouthpiece  to  monitor  your  breathing.  You 
will  also  wear  electrodes  to  monitor  how  your  heart  responds  to 
exercise. 


6.  POTENTIAL  BENEFITS  TO  YOU  OR  TO  OTHERS  121 

Determining  whether  the  SCE  is  a  reiiabie  estimate  of  aerobic 
capacity  has  several  benefits.  Using  the  SCE  test  requires  less 
equipment  and  personnel.  Older  populations  and  higher  risk  populations 
can  also  be  tested  more  safely.  Benefits  to  the  subjects  in  this 
experiment  include  an  evaluation  of  cardiorespiratory  (heart/lung) 
fitness  and  body  composition  (level  of  fatness). 


7.  ALTERNATIVE  TREATMENTS  OR  PROCEDURES,  IF  APPLICABLE 

Subjects  have  the  alternative  of  not  participating  in  this  study. 


S.  GENERAL  CONDITIONS 

I  tfait  ^vill  /  will  not  X  receive  wcotiy  for  my  ptitieipitioa  in  this  stndy.  If  I  am 

( iiiiirnintind  ^ 


I  iitUiirtaiMi  HMt  I  win  /will  not  X  be  chined  additional  espcaaes  for  my  participation  in  this  tfndy. 
Tf  T  Ml  dMifad  iMitinwal  nyiwina  tha—  will  wmaat  ofe 

I  iikntand  flat  1  am  firan  to  witfadiiwiiy/ipychild*8cocaBot  and  discontinue  partidpation  in  this  teacnrdt  project 
at  any  time  wttbout  this  dactaka  affecting  iny/ nqfdiild'aiaBdicai  care.  If  you  have  my  qoestioa  r^arding  yonr 
figirta  m  n  aal^aet,  you  may  pbooB  (904)  392*3063. 

In  the  evaot  of  my/  nqr  child's  nstiining  a  physical  iqury  vdiich  is  pieximataly  caBMd  by  this  experiment, 
rmfio^mal  caietaeaivBdattfaaJ.  IGllis.Mito  Health  Cmtar  exclusive  of  hospital  expenses  will  be 

psovided  to  me  widioat  charge.  This  exclusion  of  hospitai  expenses  doee  not  ap^ty  to  patients  at  the  Vetenna 
Aritniniittatioo  Medical  Center  (VAMC)  who  snstatn  physical  injury  during  pertidpatioo  in  VAMC-epproved 
stnriies.  U  ia  uodeimood  that  no  form  of  compensatioo  exists  other  than.thoae  deaeribed  above.  ^ 

I  also  underataad  that  the  University  of  Florida  and  the  Veterans  Administration  Medical  Center  will  protect  the 
coofidsntialiQr  of  my  records  to  the  extant  provided  by  Law.  The  Study  Sponsor,  Food  and  Drag  Administration 
or  aitfaer  lottitntioaal  Review  Board  may  a^  to  review  my  records,  houwm  the  records  will  remain  Miefiitwirial 
m  only  a  numbar  and  initial  will  be  uaerL 


9.  SIGNATURES 

Ibsve  AiHyasplaiaadto  --  ■  -  — . - 

dm  aemni  and  pmpoae  of  the  sbovedaacribod  procedure  and  the  benefits  and  risks  that  are  involved  in  its 
parfatmaoce.  I  here  anarrerad  and  will  answor  all  tpiaatiotu  to  the  bast  of  my  ability.  1  may  be  coatacttd  at 


Slgaentre  of  Priicipal  or  Co*Priodpel 


Ihnve  bean  (hUy  iafinaedoftbeaboiviHlaaoribad  praoedure  with  im  possible  benefits  sad  tiski  and  I  have  received 
a  copy  of  this  dsacripdon.  1  bawe  ^vao  patmiiiiaa  of  my/  child's  participatioo  in  this  study. 


Sigwotra  of  PmiMi  or  Subject  or 
tslafivn  or  Fmsat  or  fluarditn  (^Mciiy) 


Slgnsttm  of  Odld  (7 10  ITyts.  of  agi) 


filgnaiureofWitnam 


Appendix  D: 

Deoographlc  Information  and  Medical  History 
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CENTER  FOR  EXERCISE  SCIENCE 
UNIVERSITY  OF  FLORIDA,  RM  27  FLG 
GAINESVILLE,  FL  32611 
904-392-9575 

DEMOGRAPHIC  INFORMATION 

NAME _  DATE _ / _ _/, 

Last  First  MI  Month  Day  Year 

AGE _  DATE  OF  BIRTH  _ / _ / _ 

Month  Day  Year 

SOCIAL  SECURITY  # _ - _ - _  PHONE  #  _ 

HEIGHT  _  in _  cm _ 

WEIGHT  _  lb _  kg _ 

RESIDENCE _ _ _ 

Street 


City  State  Zip  Country 

REFERRING  PHYSICIAN _ 

SURGEON  (if  applicable) _ _ 

HOME  PHYSICIAN  (if  different  from  Referring  M.D.) _ 

ADDRESS _ _ _ 

Street 


City 

State 

Zip 

Sex 

_  Male 

_ _  Female 

Race 

White 

_  Black 

_  Asian 

_  Hispanic 

Other:  .. 

Marital  Status 

_ _  Single 

_  Married  #  years: 

_  Divorced  or  separated  #  years : 

_  Widowed  #  years : 


Country 
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CENTER  FOR  EXERCISE  SCIENCE 
UNIVERSITY  OF  FLORIDA,  RM  27  FLG 
GAINESVILLE,  FL  32611 
904-392-9575 

NAME _  ID# _ 

DATE _ 

CARDIOVASCULAR  HISTORY 

Answer  the  following  questions,  indicating  the  month  and  year  of 
the  event  of  diagnosis  where  appropriate. 

Yes  No  Month/Year 

1.  Has  a  doctor  ever  told  you  that  you 

have  heart  disease?  _  _ / _ 

2.  Have  your  ev^sr  had  a  heart  attack?  _  _  _ / _ _ 

If  more  than  one  heart  attack,  list 
date(s): 


mo 

yr 

mo 

yr 

mo 

yr 

3.  Have  you  had  coronary  artery  bypass  graft 
surgery?  _ 

If  yes,  list  date{a)  and  number  of  grafts; 


#  grafts: 

_ _ 1  . 

_ 2  . 

3  . 

_ 4+ 

mo 

mo 

J. 

yr 

yr 

i  grafts: 

_ 1  „ 

_ 2  . 

_ 3  . 

_ .4+ 

J. 

#  grafts: 

_ 1  . 

_ 2  . 

_ .3  , 

_ 44- 

mo 

yr 

4. 


Have  you  ever  had  a  stroke? 
If  more  than  one  stroke. 


Cardiovascular  History 
Page  2 
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Yes  No  Month/ Year 

5.  Do  you  have  hypertension  (high  blood 

pressure)  ?  _  _  _ / 

If  yes,  how  long  have  you  had  hypertension? 

_  less  than  1  year 

_ _  1-5  years 

_  6-10  years 

_  more  than  10  years 

6.  Do  you  have  diabetes  mellitus?  _  _  _ / _ 

7.  Do  you  take  insulin  for  diabetes?  _  _ 

If  yes,  how  long  have  you  taken  insulin? 

_  less  than  1  year 

_  1-5  years 

6-10  years 

_ _ more  than  10  years 

8.  Do  you  take  oral  hypoglycemic s  for 

diabetes?  .  .  _ 

9.  Do  you  have  a  cardiac  pacemaker?  _ _ 

If  yes,  how  long  have  you  had  a 
cardiac  pac(^ker? 


less  than  1  year 
...  1-5  years 

6-10  years 
more  than  10  years 

10*  Have  you  had  a  carotid  endarterectomy?  _  _ 

11.  Has  your  doctor  ever  told  you  that 

you  have  a  heart  valve  problem?  _  _  / 

12.  Have  you  had  heart  valves  replacement 

surgery?  _  .  . .  _ 

If  yes,  what  heart  valves  were 
replaced? 

_ _  mitral  _  aortic 

13 .  Have  you  had  cardiom^-opathy?  _  _  _ /, 

14.  Have  you  had  a  heart  aneurysm?  _ _  .  _ / 


Cardiovascular  History 
Page  3 
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Yes  No  Month/Year 


15.  Have  you  had  heart  failure?  _  _  _ / _ 

16.  Have  you  ever  suffered  cardiac  arrest?  _ _  _  / _ 

17.  OTHER  MEDICAL  PROBLEMS:  Indicate  if  you  have  had  any  of  the 
following  medical  problems: 

Past  Now 


Alcoholism 

Allergies 

Anemia 

Arthritis 

Asthma 

Back  injury  or  problem 
Blood  clots 
Bronchitis 
Cirrhosis 
Claudication 

Elbow  or  shoulder  problems 

Emotional  disorder 

Eye  problems 

Call  bladder  disease 

Glaucoma 

Gout 

Headaches 

Hamorrhoids 

HerJiia 

Hip»  knee  or  ankle  problems 

Intestinal  disorders 

Kidney  disease 

Liver  disease 

Lung  disease 

Mental  illness 

Neurologic  disorder 

OB/GYN  problems 

Obesity /overweight 

Phlebitis 

Prostate  trouble 

Rheumatic  fever 

Seisure  disorder 

Stomach  disease 

Thyroid  disease 

Tumors  or  cancer  -  List  type: 

Ulcers 

Other  -  specify: _ 


Cardiovascular  History 
Page  4 
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18.  SURGICAL  PROCEDURES;  Indicate  if  you  hav6>  had  any  of  the 
following  surgeries,  and  if  so,  the  appropriate  date. 

Yes  No  Month/ Year 


_/ _ .Adhesion  repair 

_/__Appendecton^" 

/  Back  surgery 

_/_ _ Bladder  surgery 

_ Bowel  surgery 

_/ _ Breast  surgery 

_/ _ ^Cataract  surgery 

_/ _ ^Gall  bladder  surgery 

J _ ^Hemorrhoid  surgery 

_/ _ ^Joint  surgery 

J _ _ Kidney  surgery 

J _ _Lung  surgery 

_/ _ OB/GYN  surgery 

J _ Prostate  surgery 

_/ _ Stomach  surgery 


Other  -  specify: 


19.  MEDICATIONS:  Indicate  the  medicines  you  currently  use  on  a 
regular  basis. 


Yes  No 

_  _ ^Allergy  medicines/antihistamines 

_  Antacids 

_  Antibiotics 

_ _  _ ^Anti -ar rhythmics  . 

_  _■  Anti-inflammatory  agents 

_  _ Aspirin 

_  _ .Asthma  medicines 

_  _ Beta  blockers 

_  _ Birth  control  pills 

(#  of  years:  __0-l  _l-5  _ 5-10  _ 10+) 

_  _ Blood  pressure  medicines 

_  _ Blood  thinners 

_  _ Cortisone 

_  _ Diabetes  medicines /insulin 

_  _ Diuretics/ “water  pills" 

_  _ Gout  medicines 

_ _  _ Heart  medicines 

_  _ Hormones /estrogen 

_ _  _ Laxatives 

_  _ _ Nitroglycerin 

_  _ Pain  medicines 

_  _ Psychiatric  medicines/anti-depressants 

_  _ Sedatives/sleeping  pills 

_  _ Seizure  medicines 


Cardiovascular  History  129 

Page  5 

Yes  No 


Thyroid  medicines 
Tranquilizers 
Vitamins/iron 
Other  -  specify 
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CENTER  FOR  EXERCISE  SCIENCE 
UNIVERSITY  OF  FLORIDA,  RM  27  FLG 
GAINESVILLE,  FL  32611 
904-392-9575 


NAME. 


ID#_ 

DATE, 


FAMILY  HEALTH  HISTORY 

A.  If  any  members  of  your  immediate  family  have  or  have  had  any 
of  the  following  conditions,  indicate  their  age  at  the  time 
of  the  event: 


Father 


Heart  Attack 
Stroke 


.yr 


Coronary  Artery  Disease 


If  deceased,  note  age 
at  time  of  death 


Mother  Brother (s)  Sister (s) 


B.  Indicate  if  any  members  of  your  immediate  family  have  or 

have  had  the  following  conditions  by  marking  the  appropriate 
lines . 


High  Blood  Pressure 
High  Cholesterol 
Diabetes 
Obesity 


Father 

_ yr 

_ yr 


Mother  Brother (s)  Sister (s) 
_ yr  _ yr 


J^pendlx  E: 

Physical  Activity  Questionnaire 


!  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  !  I  I  I  I  I  I  I  I 
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CENTER  FOR  EXERCISE  SCIENCE 
ONIVERSinr  OF  FLORIDA,  RM  27  FLG 
GAINESVILLE,  FL  32611 
904-392-9575 


NAME. 

ID#_ 

DATE 


ACTIVITY  STATUS 

1.  Plcaatt  indicata  your  usual  activitias. 

Frsauencv  par  month  Minutes  per  session 

1-4  5-8  9-12  13-16  17+  0-20  20-40  40-60  60+ 

Badminton  _  __  _  _ _ _  _  _  _ 

Baseball/aoftball  _  _ _  _  _  _  _  _ _  _  _ 

Boating  _  _  _  _  _  _  _  _  _ 

Bowling  _  ___  _  _  _  _  _  _  _ 

Cycling  (motor)  _  _  _  _ _  _  _  _  _  _ 

Cycling  (road)  _  _  _  _  _  _  _  _  _ _ 

Cycling  (stationary) _  _ _  _  _ _  _  _ _  _  _  _ 

Demcing  (aerobic)  _  _  _  _  _  _  _ _  _  _ 

Dancing  (social)  _  ,  _  _  _  _  _  _  _ 

Golf  (ride)  _  _  _  _  _  _  _  _  _ 

Golf  (walk)  _  _  _ _  _  _  _  _  _  _ 

Gymnastics  _  _  _  _ _  _  _  _ _  _  _ 

Hiking  _  _  _  _  _  _  _  _  _ 

Horseback  riding  _  _  _  _  _  _ _  _  _ 

Hunting,  fishing  _  _  _ _  _  _  _  _  _  _ 

Jogging/running  _  ,  ___  _  _ 

Hsrtial  arts  _  _  _  _  _  _  _  _ 

Racquet/handball  _  , .  .  .  .  _  _ 

R<H?e  jumping  _  _  _  „  .  _  _  _ _  _  _ 

Rowing,  canoeing  _ _  _  _  _  _  _  _  _  _ 

Sailing  _  _  _  _  _  _  _  _  _ 

Skating  _  _  _  _  _  _  _ 

Skiing  (cross  ctry)  .  .  .  .  . .  .  .  . .  . 

Skiing  (downhill)  .  _  _  _  _  _  _  _ 

Skiing  (water)  .  ...  .  ....... _ _  _  _  . ..  .  .  . .  . 

Soccer /football  _  _  _  _  _  _ _  _ _  _  _ 

SwiBowing  _  _  _  _  _  _  _  _ 

Table  tennis  _  _  _ _ _  _  _  _  _ 

Tennis  .  .  .  _ _ _  .  _ _  _  _ 

Volleyball  _  _  _  _ _ _  _  _ 

Walking  .,  _  _  _ _  _ _  _ _  _ _  _  _ ,, 

Weight  training  _  _  _ _  _  _  _  _  _  _ 

Yardwork,  gardening  _  .  .  .  .  .  .  .  .  . 

Other  -  specify:  . . . 

2.  Does  your  usual  job  require  sustained  physical  activity? 

___  Yes  ___  No  _  Not  employed  .  Not  applicable  (retired) 

3.  How  would  you  rata  your  physical  fitness  (endurance)? 

low  medium  high 

1  2  3  4  5  6  7 

4.  How  would  you  rate  your  strength? 

low  medium  high 

1  2  3  4  5  6  7 


2 


3 


5 


6 


Appezidlx  F: 

Description  of  Moxiark  Cycle  Brgoneter  Calibration 
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Honark  ^cle  Ergometer  calibration  is  achieved  by  first  turning 
the  resistance  belt  to  zero  on  the  free  standing  ergometer. 

Next,  the  workload  meter  board  is  pulled  against  the  adjusting 
screw  (Figure  1),  Next,  the  adjusting  screw  is  loosened  by 
loosening  the  wing  nut  euid  is  moved  so  that  the  mark  on  the 
penduliOT  weight  is  even  with  the  0  Kp  mark.  Finally,  the 
adjusting  screw  is  secured  by  tightening  the  wing  nut. 


(Froat  Unit  PitA*sfl  Monitor  Instruction  Manual  for  Cycl®  Ergouuitry,  Purnishsd 

with  USAF  SCE  Prototyp*  Softwars) 


Appendix  O:  ^34 

Initial  Powar  Output  Settings  for  the  Baseline  USAP  SCE 


TABLE2 

INITIAL  WORK  LOAD  REQUIREMENTS  (kiloponds) 


Age  17  -  35  yr 


36-SDya 


Over  50  yn 


Active* 

Inactive 

Active* 

Hucdve 

Active*  1 

Below  130 

1.5 

1.0 

131  -  150 

10 

IJ 

151  -  180 

10 

10 

181  •  220 

15 

10 

Above  220 

15 

15 

Below  120 

l.O 

1.0 

121  -  140 

1.5 

1.0 

141  .  160 

1.5 

1.0 

161  •  ISO 

10 

1.5 

Above  180 

10 

10 

1.0 

1.0 

1.0 

l.U 

1.0 

u 

u 

1.5 

1,5 

•Active  *  subject  is  jogging,  swimming,  cycling  cr  playing  vigorous  sports  regularly  for 
a  least  20  minutes  per  day,  3  days  per  week,  tor  the  pas  90  days  to  qualify  as  active. 
Lawn  or  garden  work  does  not  quaUfy  as  active. 


(FrottJ  Unit  PitOMB  Monitor  I  istruction  Manual  for  Cy"l«  Eroom*try,  Furnisbod 

with  0«AF  SCE  Prototype*  Softwar*) 


Appendix  Ht 

USAF  SCB  Computer  Software 
Reconaended  Power  Output  Adjustments 


(Front  Lt.  Col.  Ro9«r  Bisson,  M.D. t  Personal  Cocwmicatioa,  1994) 


LOhD  SETTING  GUIDE 

LQJUD  ADJUSTMENT  TABLE  FOR  CYCLE  ERQOMBTRY 
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AGE  GROUP:  13-29  YEARS 


TIME 

End  First  Min 


End  Second  Min 


End  Third  Min 


HEART  RATE 

Less  Than  110 
110-119 

120-(85%x(220-Age) ) 
(85%x(220-Age))-180 
Above  180 


APPROPRIATE  LOAD  CHANGE 
ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


Leas  Than  110 
110-119 

120-(85%x(220-Age)) 
(85%x (220-Age)) -180 
Above  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


Less  Than  115 
115-128 

129-(85%x(220-Age) ) 
(85%x(220-Age))-180 
Above  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


End  of  minutes  4  through  9:  Stop  test  when  heart  rate  exceeds  Maximxun 
Desired  Heart  Rate.  Maximum  Desired  Heart  Rate  st  (85%x(220-Age) ) 


AGE  GROUP:  30-39  YEARS 


TIME 


HEART  RATE 


APPROPRIATE  LOAD  CHANGE 


End 

First  Min 

Less  Than  105 

ADD  1.0 

105-114 

ADD  0.5 

115-{85%x{220-Age) ) 

No  Change 

(8S%x(220-Age) )-i80 

Recommend 

Test 

Termination 

Above  180 

Stop  Test 

End 

Second  Min 

Less  Than  110 

ADD  1.0 

110-119 

ADD  0.5 

120-(85%x{220-Age) ) 

No  Change 

(85%x{220-Age))-180 

Recommend 

Test 

Termination 

Above  180 

Stop  Test 

End 

Third  Min 

Less  Than  115 

ADD  1.0 

115-128 

ADD  0.5 

129-(85%x(220-Age) ) 

No  Change 

(85%x(220-Age) )-180 

Recommend 

Test 

Termination 

Above  180 

Stop  Test 

End 

of  minutes  4 

through  9:  Stop  test  when 

heart  rate 

exceeds  Maximum 

Desired  Heart  Rate.  Maximum  Desired  Heart  Rate  =  (85%x(220-Age) ) 


AGE  GROUP:  40-49  YEARS 
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TIME 

End  First  Min 


End  Second  Min 


End  Third  Min 


HEART  RATE 
Less  Than  100 
100-109 

110-(85%x(220-Age) ) 
{85%x(220-Age) )-180 
^ove  180 


APPROPRIATE  LOAD  CHANGE 
ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


Less  Than  100 
100-119 

120- (85%x (220-Age) ) 
(85%x(220-Age))-180 
i^ove  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


Less  Than  105 

ADD  1.0 

105-122 

ADD  0.5 

123-(85%x(220-Age) ) 

No  Change 

{85%x(220-Age))-180 

Recommend  Test  Termination 

Above  180 

Stop  Test 

End  of  minutes  4  through  9:  Stop  test  when  heart  rate  exceeds  Maximum 
Desired  Heart  Rate.  Maximum  Desired  Heart  Rate  =  (85%x(220-Age) ) 


AGE  GROUP:  50-59  YEARS 


TIME 

End  First  Min 


HEART  RATE 
Less  Than  100 
100-109 

110-(85%x(220-Age) ) 
(85%x(220-Age) )-lS0 
Above  180 


APPROPRIATE  LOAD  CHANGE 
ADD  1.0 
ADD  0 . 5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


End  Second  Min  Less  Than  100 

100-119 

120-{85%x(220-Age) ) 
(85%x(220-Age))-180 
Above  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


End  Third  Min 


Less  Than  105 
105-120 

121-(85%x(220-Age) ) 
(85%x(220-Age) )-180 
i^ove  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


End  of  minutes  4  through  9:  Stop  test  when  heart  rate  exceeds  Maximum 
Desired  Heart  Rate.  Maximum  Desired  Heart  Rate  =  (85%x(220-Age) ) 


AGB  GROUP:  60-69  SHEARS 
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TZMB  HBART  RATE  APPROPRIATE  LOAD  CHANGE 

End  First  Min  Less  Than  90  ADD  1.0 

90-104  ADD  0.5 

105-(85%x(220-Age) )  No  Change 

(85%x (220-Age) ) -180  Recommend  Test  Termination 

^ove  180  Stop  Test 


End  Second  Min  Less  Than  90 

90-109 

110- (85%x {220-Age) ) 
(85%x(220-Age))-180 
Above  180 


ADD  1.0 
ADD  0.5 
No  Change 

Recommend  Test  Termination 
Stop  Test 


End  Third  Min 


Less  Than  95  ADD  1.0 

90-105  ADD  0.5 

106-{85%x(220-Age) )  No  Change 

(85%x(220-Age) ) -180  Recommend  Test  Termination 

Above  180  Stop  Test 


End  of  minutes  4  through  9:  Stop  test  when  heart  rate  exceeds  Maximum 
Desired  Heart  Rate.  Maximum  Desired  Heart  Rate  s  (85?:x(220-Age) ) 


Appendix  I: 

Data  Sheet  for  DSAF  SCE  Tests 
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Appeodlx  J: 

Borg  Scale  of  Rating  of  Perceived  Exertion* 


RATING  OF  PERCEIVED  EXERTION 

■REEicals 

6 

7 

Very,  very  light 

8 

9 

Very  light 

10 

11 

FairiyUght 

12 

13 

Somewhat  hard 

14 

15 

Hard 

16 

17 

Vtiyhard 

18 

19 

Very,  very  hard 

20 

(Firom  Btxg  GA:  MedSd  Spom  Exerc  14:377-387, 1982) 


During  tire  tuned  exotise  test,  we  want  you  m  pay  close  attention  to  how  hand  you  feet 
the  work  rate  k.  This  feeling  should  be  your  total  anoount  of  exenion  and  fatigue, 
combining  ail  seii^saiions  and  feelings  of  physical  stress,  e^on,  and  f^dgue.  Don't 
concern  yourself  with  any  one  as  leg  pain,  shortness  of  breath,  and  exercise 

intemity,  but  tty  to  concentme  on  your  total  feeling  of  exemon.  Don't 
ondgreaimate  <y  overestimate,  just  be  as  accurate  as  you  can. 
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Appendix  K: 

Low,  Medium  and  High  Fitness  Classification 
by  Estimated  Aerobic  Capacity  (^Oj^  al-kg*^'min'M  and 
Desired  Distribution  of  Volunteers  as  Shown  in 
'Statement  of  Work*  (Table  B)  and  as  Modified  by 
Lt.  Col.  Roger  Bisson,  M.D.,  USAF, 
on  November  8,  1993  (Table  A) . 


Table  A  aodifiad,  Dr.  Bisson 


Fitr.nass  Category 


MALES 

Vo. 


AGE  RANGES 


17-24 


25-29 


30-34 


35-39 


40-44 


Low 


<3Sml/kg/nain 


Madiun 


>35<44 


High 


>44 


feRales  age  ranges 


1  Fitness  Category 

Vo,^ 

17-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

Low 

<29ml/kg/min 

4 

4 

4 

4 

4 

4 

4 

Medium 

>29<37 

3 

3 

3 

3 

3 

3 

3 

High 

>37 

3 

3 

3 

3 

3 

3 

Table  B  original  statement  o2  work 
MALES 


AGE  R.VN0CS 


Vo^ 

17-24 

Low 

<32ml/kg/min 

4 

Medium 

i32<44 

3 

High 

^44 

3 

2S-29 


30-34 


35-39 


40-44 


45-49 


50-54 


FEMALES 


AGE  RANGES 


Fitneee  Category 


Vo, 


iltIL 


17-24 


25-29 


30-34 


35-39 


40-44 


45-49 


50-54 


Low 


<2 6ml/ kg /min 


Medium 


>2S<37 


High 


I  >37 


Appendix  L: 

Physicians'  Subject  Evaluation  Form 


HISTORY  AND  PHYSICAL 


144 


Name _ 

Date  of  exanx. 


_ Age. 

Time _ 


_  Sex. 

Race _ 


Cardiovascular  History:  Yes  No  Date  of  Onset  Duration  Meds 

Angina  pectoris  _  _ _ _  _ 

Palpitations  _  _ _ _  _ 

Dyspnea  on  exertion  _  _  _  _  _ 

PND  _  _  _  _  _ 

Orthopnea  _  _  _  _  _ 

Claudication  _  _  _  _  _ 

TIA's  _  _  _  _  _ 

CVA  _  _  _  _  _ 


Chronic  Medical  Conditions: 

1. _ 

2.__: _ 

3. _ 

A.  _ 


.None  _ Listed  below 

_ _  Date  cf  Onset _ 

_  Date  of  Onset _ _ _ 

_  Date  of  Onset _ 

_  Date  of  Onset _ 


Cardiovascular  Risk  Factors:  _ ^Cigarettes 

_ _ Family  History  _ Cholesterol 


Currant  Medications; 


Dose 


_HTN 


.Diabetes 


Duration 


Previous  Surgeries: 


Date 


Review  of  Systems  (positives  only) 


Physical  Exaum: 

Pulse 

BP 

RR 

Head  and  Neck 

NL  Abnl 

Lungs  Nl 

.  Abnl 

Heart;  _ ^Nl 

Abnl 

Abdomen:  _ ,N1 

Abnl 

Extremities 

Nl  Abnl 

Pulses:  Nl 

Abnl 

Neuro:  Nl 

Abnl 

12  lead  ECO; 

Rate  Rhvthm 

Axis  . 

_ Nl 

Abnormal 

Impression: 

Physician 


Appendix  M: 

T!htt  Bruce  Protocol  for  Maximal  Treadmill  Testa 


145 


Bxercise  tIm 
(min.) 

1 

2 

3 

Treadmill  Speed 
(MPH) 

1.7 

1.7 

1.7 

Treadmill  Grade 
(%) 

10 

10 

10 

4 

2.5 

12 

5 

2.5 

12 

6 

2.5 

12 

7 

3.4 

14 

3 

3.4 

14 

9 

3.4 

14 

10 

4.2 

16 

11 

4.2 

16 

12 

4,2 

16 

13 

S.O 

18 

14 

5.0 

18 

IS 

5.0 

18 

16 

S.5 

20 

5.5 

20 

18 

5.5 

20 

19  -evO  22 

20  6.0  22 

21  6-0 


22 


146 


J^pendlx  Nt 

Modified  Astrand-Saltln  Maximal  Cycle  Brgometer  Protocol 

(60  RPM) 

used  for  USAF  Validation  Study 


Exercise  Time 
(min) 

Power  Output 
(Males,  Kpm) 

Power  Output 
(Females,  Kpm) 

1 

360 

360 

2 

360 

360 

3 

720 

540 

4 

720 

540 

5 

1080 

720 

6 

1080 

720 

7 

1440 

900 

8 

1440 

900 

9 

1800 

1080 

10 

1800 

1080 

11 

2160 

1260 

12 

2160 

1260 

13 

2520 

1440 

14 

2520 

1440 

IS 

2880 

1620 

Appendix  0: 

Flow  Chart  for  'XMCA  SCE  Test 
(50  RSM) 


ISO  kgm 
Q-SKp 


HR 


HR  >  100 


750  kgm 

2.5  Kp 

600  kgm 

2.0  Kp 

450  kgm 

1.5  Kp 

SOOkgm 

3,0  Kp 

750  kgm 

2.5  Kp 

600  kgm 

2.0  Kp 

1050  kgm 
3.5  Kp 

900  kgm 

3.0  Kp 

r— 

7B0  kgm 
^5Kp 

300  kgm 
1.0  Kp 


4S0  kgm 
1.5  Kp 


600  kgm 
2.0  Kp 


(reoat  Qm  y*«  Uay  CO  HvysloiX  PICsm*.  Kumu  KUwcIcb  fubliihara.  Cbaapalgn, 


^pendix  P 

Cycle  Ergometry  Fitness  Categories 
Aerobic  Capacity  by  Age  for  Men  and  Women 
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AGE  (Men) 

Fitness  Category 

<29 

30-39 

40-49 

>50 

Category  I 

<  28.0 

<  27.0 

<  25.0 

<  22.0 

Category  I I 

28.0-33.9 

27.0-31.9 

25.0-29.5 

22.0-27.5 

Category  III 

34.0-41.9 

32.0-38.9 

29.6-35.5 

27.6-31.5 

Category  IV 

42.0-47.9 

39.0-45.9 

35.6-41.5 

31.6-36.5 

1 

Category  V 

48.0-54.9 

46.0-52.9 

41.6-47.5 

36.6-42.5 

Category  VI 

>54.9 

>52.9 

>  47.5 

>  42.5 

AGE  (Women) 

Fitness  Category 

<29 

30-39 

40-49 

>50 

Category  I 

<  26.0 

<  24.0 

<  23.0 

<  20.0 

Category  ll 

126.0-26.9 

24.0-25.9 

23.0-25.9 

20.0-22.9 

Category  III 

27.0-35.9 

26.0-33.9 

26.0-30.9 

23.0-25.9 

Category  IV 

36.0-42.9 

34.0-38.9 

31.0-36.9 

26.0-30.9 

Category  V 

43.0-48.9 

39.0-46,9 

37.0-40.7 

31.0-34.9 

Category  VI 

>  48.2 

>  46.9 

>  40.7 

>  34.9 

COVULMMCNT  nUMIlNC  omob  NM  •  IMMUWtM 


